Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2021

SUPPLEMENTARY MATERIAL

for
Post-Synthetic Functionalization of Tryptophan-Containing Peptides through Indole (C-2)
Photocatalytic Alkylation

Rafaely N. Lima,* José A. C. Delgado,” Darlon I. Bernardi,’ Roberto G. S. Berlinck,? Nikolaos
Kaplaneris,® Lutz Ackermann® and Marcio W. Paixdo*“

@ Centre of Excellence for Research in Sustainable Chemistry (CERSusChem), Department of
Chemistry, Federal University of Sdo Carlos — UFSCar, Rodovia Washington Luis, km 235 - SP-
310 - Sdo Carlos - Sdo Paulo - Brazil -13565-905.

bInstituto de Quimica de Sao Carlos, Universidade de Sdo Paulo, CP 780, Sio Carlos - Sdo Paulo
- Brazil -13560-970.

¢ Institut fiir Organische und Biomolekulare Chemie, Georg-August-Universitat-Gottingen
Tammannstrafe 2, 37077 Gottingen (Germany).

Whom the correspondence should be addressed: mwpaixao@ufscar.br

Contents
1. Details of general experimental ProCeAUIES ............cceerieerirriierieniiereeieerieeeeesieeieeee e eeeens 2
2. General synthesis of a-bromo-ester, amide, thiol and acyl derivatives (B)...........cccccceuven...e. 2
3. General synthesis of a-bromo-acetamides from amino acids and peptides (C).........cccoeen...n. 3
5. General procedure to tryptophan-peptide photocatalytic alkylation (D)........c.ccccceverenennnene 5
6. Procedure to 2,6-lutidine-mentol-salt synthesis (E)..........cccoceeiiiiiniiiniiiiiceceeeeceee 5
7. Characterization data details ...........ccccoeieieiiiiei e 5
7.1.  Characterization of Trp-peptides derivatives (1a=11) .......ccceceerenininneninieenereecens 5
7.2.  Characterization of starting materials a-bromo-derivatives (2¢-20, 2u-2z)................. 11
7.3.  Characterization of tryptophan C-2 functionalization............cc.ccceevveerveenieencieesreeenne 15
TN 01T o1 5 2 4 1 - ARSI 36
8.1, Starting MAteTIalS.....cc.eeoieriiriieieierieeteee ettt 36
8.2.  Products from catalytic tryptophan C-2 functionalization ............c.cccceeeeevieeereeenneeennnnn. 54
9. MeChaniStic STUAIES ...cveruieieiietieieieste ettt ettt et et e et esseeeeeneenaen 112
9.1, Trapping EXPEriMENt........ccoccveriirrieerieerieeiieieeteeteeieesteeseeseesseesseessessseesseesseesseesseens 113
9.2.  Cyclic voltammetry STUAIES ........ceoueerieeriieiieieeie ettt ettt ettt ens 116

10. Bio-robustness of the iridium-photocatalyzed alkylation of Trp-containing peptide ....118


mailto:mwpaixao@ufscar.br

1. Details of general experimental procedures

Commercial supplies were used without further purification. Amino acids were all of L-
configuration. Peptide synthesis was performed in liquid phase following the literature Procedure
A.2TH NMR and *C NMR spectra were recorded on a Bruker AV400 (400 MHz 'H frequency,
100 MHz 3C frequency) instrument and are internally referenced to deuterated solvents CDCl;
(o 7.26, oc 77.2), acetone-dg (dy 2.84, oc 29.8) or DMSO-ds (0 2.50, oc 39.5) 'H and 3C
respectively, unless otherwise noted. Data for 'H NMR are reported as follows: chemical shift
(), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, p= quintet, m = multiplet, dd
=doublet of doublets, ddd= doublet of double doublets, dt = doublet of triplets), coupling
constants (J) were reported in Hertz (Hz). High resolution mass spectra were recorded on a UPLC-
ESI-QToF-MS using a Waters Acquity UPLC H-class liquid chromatograph coupled with a
Waters Xevo G2-XS QToF mass spectrometer and electrospray interface (ESI). An ACQUITY
BEH Cj5 column (2.1 x 100 mm, 1.7 pm; Waters Corporation) and mobile phase composed of
H,0 + 0.1% formic acid (A) and MeCN + 0.1% formic acid (B) were used. The elution gradient
started with 37% of B to 98% of B in 3.5 min and returned to 37% of B up 4.0 min, total time
analysis of 5.0 min. The samples were prepared at a concentration of 10 pg mL-!, and injected at
0.5 pL in a flow rate of 0.5 mL min-!. Mass spectra were acquired in positive and resolution MSE
Centroid mode, filtering mass from m/z 150 to 1000 in a scan time of 0.2 s and collision energy
of 20-30 eV. ESI parameters were: capillary voltage of 2.2 kV, cone voltage of 40 V, source
temperature of 100 °C, desolvation temperature of 250 °C, cone flow-gas of 50 L h'! and
desolvation gas flow of 550 L h-!. Reactions were monitored by thin layer chromatography (TLC),
using Merck silica gel 60 F254 glass plates (0.25 mm thick).

2. General synthesis of a-bromo-ester, amide, thiol and acyl derivatives (B)

According to the IUPAC nomenclature, compounds are named using ChemBioDraw 13.0
software (PerkinElmer).
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Procedure 1B. To a solution of alcohol [(1S,2R,5S)-2-isopropyl-5-methylcyclohexan-1-ol, or
geraniol (5 mmol)] and an a-bromo acid (5 mmol) in toluene (5 mL) was added sulfuric acid (13.4

uL, 5 mol%). The reaction was heated to 60 °C. The resulting solution was stirred for 5 h. Then,



the reaction mixture was concentrated and the residue purified by flash column chromatography

(Hexane/EtOAc, 9.5:0.5). Spectral data matched with those reported in literature.3
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Procedure 2B. To 2-aminoisoindoline-1,3-dione, benzenethiol, eugenol or memantine chroride
(5 mmol) in CH,Cl, (15 mL) was added Et;N (5 mmol) and 2-bromoacetyl bromide (644 pL, 7.5
mmol) dropwise at 0 °C. The resulting solution was stirred for 3 h. Then, the reaction mixture
was concentrated and the residue purified by flash column chromatography (Hexane/EtOAc, 8:2).

Spectral data matched with those reported in literature.*
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Procedure 3B. To a solution of 1-(benzo[d][1,3]dioxol-5-yl)ethan-1-one (82 mg, 0.5 mmol) in
CH,Cl, (5 mL) was added 1-bromopyrrolidine-2,5-dione (126 mg, 1.5 eq.), p-TsOH (5 mol%).
The reaction was heated under microwave irradiation (150W) at 60 °C for 1 h. Then, the reaction
mixture was concentrated and the residue purified by flash column chromatography

(Hexane/EtOAc, 8:2). Spectral data matched with those reported in literature .

3. General synthesis of a-bromo-acetamides from amino acids and peptides (C)

HoN—@3—OH

SOCl,, MeOH
0°C-rt, 16 h

o
HCLHN—@3—OMe -+ Br\)J\Br ke DS BrQL _@)—owme

2i-20

The products derived from L-Ala, L-Val, L-Ile, L-Glu, L-Met, L-Phe, and L-Pro were prepared

according to literature procedure.® Spectral data matched with those reported in literature.®
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(0] o >
VR
NHBoc i \\ j
\ ’ Br  Photocatalyst
H " Base, Solvent
UV-Vis light
24 h
1a 2a
Entry Deviation from Standard 3a (%)
Conditions
1 (1) 57
2 No amine n.r.
3 No photocatalyst 34
4 (2) instead of (1) 56
5 (3) instead of (1) 49
6 (4) instead of (1) 45
7 (1) and blue LED Traces
8 (4) and blue LED Traces
9 Entry 4 and no dried solvent 55
102 EtzN Traces  F,c -
112 NMM 17
128 4-OCH3N(Ph); Traces
132 morpholine Traces
142 pyridine 44
152 NaHCO; 35
162 N,N-(CHj),pyridin-4-amine  n.r
178 K,CO3 28
182 3 equiv. of 2,6-Iut. 67
192 1 eq. of 1a and 3 eq. of 2,6-lut. 53
208 Entry 19 and 5 eq. of 2,6-lut. 51
212 Entry 19 and 2 eq. of 2a 53
222 Entry 19 and 3 eq. of 2a 25
232 MeCN instead MeOH 26
243 DMSO instead MeOH 23
252 DMF instead MeOH Traces
262 EtOH instead MeOH 37
278 Entry 18, Visible-light 61
28 no light 0
1a (0.2 mmol, 64 mg); 2b (0.1 mmol, 20 mg); 2,6-lutidine (0.2 mmol); Catalyst (1 mol%);
freezing-pump; dry solvent; Isolated yield. @2Without dried solvent.

4. Optimization studies for photo-catalyzed alkylation of Trp 1a



5. General procedure to tryptophan-peptide photocatalytic alkylation (D)

R o R

\\FO or ‘/\:0 Q Y’ Y
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HN HN

=, A
N H \A (1 mol%) H

H 2,6-lutidine, MeOH
t,24h X=N,0,S ,‘;

Peptide (0.2 mmol, 2 equiv.), a-bromo-derivative (0.1 mmol, 1 equiv.), 2,6-lutidine (35 uL, 0.3
mmol, 3 equiv.), Ir {dFCF;ppy}.(bpy)}PF¢ (1-2 mol%) and MeOH (0.2 mL) were added into an
oven-dried 10 mL Schlenk tube. The mixture was degassed by freeze-pump-thaw (3 times) of 2
min. The reaction mixture was then irradiated with two visible-light lamps (Kessil A360N E-
Series Tuna Blue, 90W) for 24 hours. The reaction temperature was kept around 35 °C with a
cooling fan. The crude mixture was purified by flash column chromatography to afford the desired

products (3a-3m, 4b-4z).
6. Procedure to 2,6-lutidine-mentol-salt synthesis (E)

The a-bromo-derivative (0.5 mmol, 1 equiv.), 2,6-lutidine (35 pL, 1.5 mmol, 3 equiv.) and MeOH
(1.0 mL) were added into an oven-dried 10 mL Schlenk tube. The mixture was degassed by three
round of freeze-pump-thaw of 2 min and left react in presence of visible-light lamps (Kessil
A360N E-Series Tuna Blue, 90W) for 24 hours. The organic solvent was evaporated and to the
crude reaction was added EtOAc, the precipitate was filtered and washed with EtOAc to obtain
the pure solid.

7. Characterization data details

7.1. Characterization of Trp-peptides derivatives (1a-1n)

Methyl (tert-butoxycarbonyl)-L-tryptophanate

/ Compound la was prepared following the general liquid phase
o synthesis procedure A. '"H NMR (400 MHz, CDCl;) 6 8.24 (s, 1H),
7.55(d,J=7.9Hz, 1H), 7.34 (d, J= 8.1 Hz, 1H), 7.19 (t,J="7.5 Hz,

o

N NHBoC| 111y 712 (6. J= 7.4 Hz, 1H), 6.98 (s, 1H), 5.10 (d. J = 7.7 Hz, 1H),
. 4.65 (dd, J = 12.9, 5.6 Hz, 1H), 3.68 (s, 3H), 3.29 (s, 2H), 1.43 (s,
H 9H). 3C NMR (101 MHz, CDCLy) & 172.9, 155.4, 136.3, 127.8,

122.9,122.3,119.7, 118.8, 111.4, 110.2, 80.0, 54.4, 52.3, 28.4, 28.1. Spectral data matched with

those reported in literature.’



Methyl (tert-butoxycarbonyl)-L-valyl-L-tryptophanate

>I\ (o) H (o)
oJ\N N.Jj\o/
Ho 0

~NH

Compound 1b was prepared following the general liquid
phase synthesis procedure A. 'TH NMR (400 MHz, CDCl5) &
8.28 (s, 1H), 7.52 (d, J = 7.8 Hz, 1H), 7.33 (d, J = 8.0 Hz,
1H), 7.17 (t, J= 7.5 Hz, 1H), 7.11 (t, J = 7.4 Hz, 1H), 7.01
(s, 1H), 6.42 (d, J = 7.4 Hz, 1H), 5.07 (d, J = 8.3 Hz, 1H),
491 (q,J=5.6Hz, 1H), 3.94 (t, J= 7.2 Hz, 1H), 3.65 (s, 3H),

3.38 —3.19 (m, 2H), 2.06 (m, 1H), 1.43 (s, 9H), 0.90 (d, J = 6.8 Hz, 3H), 0.83 (d, J = 6.2 Hz, 3H).

Spectral data matched with those reported in literature.?

Methyl (tert-butoxycarbonyl)-L-leucyl-L-tryptophanate

>‘\ (0] H (o}
oA N
H E
o =
NH

Compound 1c¢ was prepared following the general liquid
phase synthesis procedure A. 'TH NMR (400 MHz, CDCl;) &
8.23 (s, 1H), 7.52 (d, J = 7.9 Hz, 1H), 7.33 (d, J = 8.1 Hz,
1H), 7.17 (t, J = 7.5 Hz, 1H), 7.10 (t, J = 7.4 Hz, 1H), 7.04
(s, 1H), 6.56 (d, J = 7.5 Hz, 1H), 4.89 (q, J = 5.4 Hz, 1H),
4.13 —4.05 (m, 1H), 3.65 (s, 3H), 3.31 (d, J = 5.3 Hz, 2H),
1.64 — 1.54 (m, 2H), 1.41 (s, 9H), 1.29 (m, 1H), 0.90 — 0.84

(m, 6H). Spectral data matched with those reported in literature.’

Methyl (tert-butoxycarbonyl)-L-phenylalanyl-L-tryptophanate

>‘\ (0] H o
oo N -
H z
0 =
NH

with those reported in literature. '

Compound 1d was prepared following the general liquid
phase synthesis procedure A. 'TH NMR (400 MHz, CDCl;)
8.11 (s, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.25 (d, J = 8.1 Hz,
1H), 7.21 — 7.13 (m, 4H), 7.10 (m, 2H), 6.99 (t, /= 7.4 Hz,
1H), 6.79 (s, 1H), 6.31 (d, J = 7.2 Hz), 4.86 (d, J= 7.2 Hz,
1H),4.79 (q,/=5.7 Hz, 1H), 4.26 (m, 1H), 3.55 (s, 3H), 3.17
(m, 2H), 2.94 (m, 2H), 1.23 (s, 9H). Spectral data matched

Methyl (tert-butoxycarbonyl)glycyl-L-tryptophanate

o) o
Sy Mg
Y

“ NH

Compound le was prepared following the general liquid
phase synthesis procedure A. 'H NMR (400 MHz, CDCl;) &
8.34 (s, 1H), 7.50 (d, J = 7.8 Hz, 1H), 7.33 (d, J = 8.1 Hz,
1H), 7.17 (t, J= 7.5 Hz, 1H), 7.10 (t, J= 7.4 Hz, 1H), 6.98
(s, 1H), 6.62 (d, J = 7.5 Hz, 1H), 5.11 (s, 1H), 4.91 (dt, J =



7.8, 5.4 Hz, 1H), 3.74 (m, 2H), 3.66 (s, 3H), 3.31 (d, J = 5.4 Hz, 2H), 1.42 (s, 9H). Spectral data

matched with those reported in literature.®

Methyl (tert-butoxycarbonyl)-L-phenylalanyl-L-tryptophyl-L-alaninate

Compound 1f was prepared following the general
o o liquid phase synthesis procedure A. "TH NMR (300
H MHz, CDCl;) 6 8.09 (s, 1H), 7.38 — 7.28 (m, 4H), 7.22

>LOJJ\N NQ&NJ\WO\
H o ° H ) —7.13 (m, 3H), 7.03 (m, 2H), 6.55 (d, /= 8.3 Hz, 1H),
~NH 6.40 (s, 1H), 4.70 (m, 2H), 4.31 (q, J = 6.4 Hz, 1H),

3.67 (s, 3H), 3.39 — 2.93 (m, 4H), 1.27 — 1.18 (m,
12H). Spectral data matched with those reported in

literature.!!

Methyl (tert-butoxycarbonyl)-L-alanyl-L-tryptophyl-L-leucinate

Compound 1g was prepared following the general

>L o H © /d‘/\ liquid phase synthesis procedure A. 'H NMR (400
OJ\H%(N%H O\| MHz cDCL) 5833 (s, 1H), 7.72 (d, J = 7.7 Hz, 1H),

0 ~ = NHO 7.38 (d, J=8.0 Hz, 1H), 7.22 (t, J= 7.5 Hz, 1H), 7.16

(d, J=7.6 Hz, 1H), 7.13 (s, 1H), 6.86 (d, J= 7.6 Hz,
1H), 6.39 (s, 1H), 4.92 (d, J = 6.5 Hz, 1H), 4.77 (q, J
= 7.5 Hz, 1H), 4.50 (q, J = 8.1 Hz, 1H), 4.17 — 4.04 (m, 1H), 3.68 (s, 3H), 3.40 — 3.13 (m, 2H),
1.60 — 1.42 (m, 3H), 1.37 (s, 9H), 1.34 (d, J = 7.1 Hz, 3H), 0.85 (t, J = 5.8 Hz, 6H). 3C NMR

(100 MHz, CDCl;) 6 172.9, 172.5, 171.0, 155.6, 136.4, 127.6, 123.7, 122.4, 119.9, 119.0, 111.4,
110.5, 80.3, 53.8, 52.3, 51.1, 50.8, 41.3, 28.3, 27.9, 24.7, 22.8, 22.0, 18.4. Spectral data matched

with those reported in literature.!!

Methyl (tert-butoxycarbonyl)-L-alanyl-L-valyl-L-tryptophanate

Compound 1h was prepared following the general
H H liquid phase synthesis procedure A. '"H NMR (300
>(O\H/N\)J\N N\i)J\O/ MHz, CDCl;) & 8.75 (s, 1H), 7.39 (d, J = 7.6 Hz,
NH| 1H), 7.17 (d, J = 7.8 Hz, 1H), 7.10 (d, J = 7.5 Hz,
1H), 6.99 (m, 2H), 6.84 (d, /= 1.6 Hz, 1H), 5.43 (s,
1H), 4.82 (dt, /= 13.2, 5.8 Hz, 1H), 4.39 (q, /= 8.4
Hz, 1H), 4.24 — 4.05 (m, 1H), 3.52 (s, 3H), 3.15 (d, J = 4.7 Hz, 2H), 1.98 (m, 1H), 1.33 (s, 9H),
1.11 (d,J=7.0 Hz, 3H), 0.85 — 0.74 (m, 6H).3C NMR (101 MHz, CDCl;) 6 173.0, 172.2, 171.0,
155.7, 136.2, 127.5, 123.5, 122.2, 119.6, 118.5, 111.5, 109.4, 80.5, 58.4, 52.8, 52.5, 50.4, 31.2,
28.4,27.6,19.2, 18.0, 18.0. Spectral data matched with those reported in literature.'!




Methyl (tert-butoxycarbonyl)-L-alanylglycyl-L-tryptophanate

) o ) o Compound 1i was prepared following the general
XOTN%H /ﬁ}/N\g)J\O - liquid phase synthesis procedure A. '"H NMR (400

o ° o = MHz, CDCl;) 6 8.80 (s, 1H), 7.42 (d, J = 7.8 Hz,
NH| 1H), 7.21 (d, J = 8.0 Hz, 1H), 7.11 (d, J = 7.8 Hz,
1H), 7.04 (t, J = 7.5 Hz, 1H), 6.99 (t, J = 7.4 Hz,
1H), 6.85 (m, 2H), 5.21 (m, 1H), 4.79 (q, J= 7.0 Hz,
1H), 4.43 (p, J=7.4 Hz, 1H), 3.61 (s, 3H), 3.58 — 3.34 (m, 2H), 3.26 — 3.10 (m, 2H), 1.37 (s, 9H),
1.15 (t,J=12.0 Hz, 3H). Spectral data matched with those reported in literature.'?

/

Methyl (tert-butoxycarbonyl)-L-tryptophyl-L-alanyl-L-phenylalaninate

Compound 1j was prepared following the general

\H/NJJ\ Jﬁ( \)J\ ~| liquid phase synthesis procedure A. "TH NMR (400
>( MHz, CDCl;) & 8.27 (s, 1H), 7.56 (d, J = 8.0 Hz, 1H),
\© 7.25(d, J= 8.1 Hz, 1H), 7.23 — 7.12 (m, 3H), 7.10 (t,

J=17.5Hz, 1H), 7.04 (d, J = 7.6 Hz, 1H), 7.00 (d, J =

7.6 Hz, 2H), 6.88 (s, 1H), 6.64 (d, J = 7.5 Hz, 1H),
6.33 (d, J= 6.9 Hz, 1H), 5.15 (d, J = 6.8 Hz, 1H), 4.66 (q, J = 6.7 Hz, 1H), 4.32 (m, 2H), 3.60 (s,
3H), 3.23 — 3.04 (m, 2H), 3.02 - 2.86 (m, 2H), 1.34 (s, 9H), 1.07 (d, J = 7.0 Hz, 3H).3C NMR

(100 MHz, CDCl;) 6 171.9, 171.8, 171.6, 155.7, 136.34, 136.0, 129.4, 128.7, 127.3, 123.4, 122 4,
119.8, 119.0, 111.4, 110.4, 80.3, 55.2, 53.6, 52.5, 49.0, 37.9, 28.4, 18.1. Spectral data matched

with those reported in literature.!?

Methyl (tert-butoxycarbonyl)-L-leucyl-L-phenylalanyl-L-tryptophyl-L-alaninate

Compound 1k was prepared following the
o o general liquid phase synthesis procedure A.
H H 'H NMR (300 MHz, DMSO-d;) & 10.80 (s
>(O\H/N\;)J\H N\;)J\HJ\H/O\ 1H), 8.37 (d, /= 6.8 Hz, 1H), 8.15(d, J=7.9
(o) = 0 - _ 0 ): . ( s T U z, )a . ( s/ T 1
NH

Hz, 1H), 7.68 (d, J = 8.2 Hz, 1H), 7.57 (d, J
=17.8 Hz, 1H), 7.30 (d, /= 8.0 Hz, 1H), 7.14
(m, 6H), 7.04 (t, J= 7.4 Hz, 1H), 6.96 (t, J =
7.4 Hz, 1H), 6.87 (d, J= 8.4 Hz, 1H), 4.63 — 4.44 (m, 2H), 4.28 (t,J=7.1 Hz, 1H), 3.86 (m, 1H),
3.59 (s, 3H), 3.09 (dd, J=15.0, 5.3 Hz, 1H), 3.01 — 2.86 (m, 2H), 2.78 (dd, /= 13.9, 9.1 Hz, 1H),
1.50-1.39 (m, 1H), 1.32 (s, 9H), 1.23 (d, J = 7.3 Hz, 3H), 0.78 (dd, J = 10.1, 6.6 Hz, 6H).13C
NMR (101 MHz, DMSO-dy) 6 172.9, 172.2, 171.2, 170.8, 155.3, 137.5, 136.1, 129.4, 128.0,
127.4, 126.2, 123.7, 120.9, 118.5, 118.3, 111.3, 109.7, 78.2, 53.3, 53.1, 52.0, 47.7, 40.8, 37.8,
28.2,27.8,24.2,23.0,21.6, 17.0. Spectral data matched with those reported in literature.'?




Methyl (tert-butoxycarbonyl)-L-tyrosyl-L-tryptophanate

Compound 11 was prepared following the general liquid
phase synthesis procedure A. 'H NMR (400 MHz, CDCl3) &
8.42 (s, 1H), 7.39 (d, J = 7.3 Hz, 1H), 7.32 (d, J = 8.2 Hz,
1H), 7.15 (t, J= 7.5 Hz, 1H), 7.07 (t, J = 7.2 Hz, 1H), 6.91
(m, 2H), 6.79 (s, 1H), 6.64 (d, /= 7.4 Hz, 2H), 6.24 (s, 1H),
5.12 (s, 1H), 4.80 (s, 1H), 4.25 (s, 1H), 3.54 (s, 3H), 3.21 (d,
J=4.4 Hz, 2H), 2.89 — 2.79 (m, 2H), 1.40 (s, 9H). Spectral

data matched with those reported in literature.'

Methyl (tert-butoxycarbonyl)-L-threonyl-L-tryptophanate

OHO,/' o Compound 1m was prepared following the general liquid
>LOJ\NIQ(HJJ\O _ | phase synthesis procedure A. 'TH NMR (400 MHz, CDCl;) 8
H o H _ 8.46 (s, 1H), 7.52 (d, J = 7.8 Hz, 1H), 7.32 (d, J = 8.0 Hz,

NH| 1H), 7.16 (t, J= 7.5 Hz, 1H), 7.10 (t, /= 7.4 Hz, 2H), 6.98

(d,/J=6.8 Hz, 1H), 5.48 (d,/=7.8 Hz, 1H), 4.88 (q,J=5.9
Hz, 1H), 4.29 — 4.22 (m, 1H), 4.10 (d, /= 7.0 Hz, 1H), 3.68
(s, 3H), 3.30 (d, J = 5.7 Hz, 2H), 1.40 (s, 9H), 1.13 (d, J = 6.4 Hz, 3H). Spectral data matched

with those reported in literature.'*

Methyl (tert-butoxycarbonyl)-L-seryl-L-tryptophylglycinate

OHO y o Compound 1n was prepared following the general

>L )\’( liquid phase synthesis procedure A. 'H NMR (300

OJ\H ) N\E)J\Ir:ll/\fo(O\ MHz, CDCl;) 6 8.78 (d, J= 1.5 Hz, 1H), 7.48 (d, J =

~"NH 7.7 Hz, 1H), 7.22 (d, J= 7.9 Hz, 1H), 7.05 (t, J= 7.1

Hz, 1H), 6.98 (m, 3H), 5.66 (d, J= 7.0 Hz, 1H), 4.76

(q,J/=6.2 Hz, 1H), 4.09 (m, 1H), 3.91 — 3.64 (m, 3H),

3.50 (s, 3H), 3.32 — 3.10 (m, 2H), 1.28 (s, 9H). 13C NMR (101 MHz, CDCl3) 8 172.1, 171.3,

170.4, 156.1, 136.3, 127.5, 123.8, 122.2, 119.7, 118.6, 111.5, 109.7, 80.6, 62.9, 56.0, 53.8, 52.5,
41.3, 28.3, 27.5. Spectral data matched with those reported in literature.'

Methyl (tert-butoxycarbonyl)-L-threonyl-L-valyl-L-tryptophanate

o o Compound 1o was prepared following the general
XOT“\)J\Nj;fHJJ\O _ | liquid phase synthesis procedure A. "H NMR (400
OHO/E\ H o ° _ MHz, CDCl3) 6 8.76 (s, 1H), 7.49 (d,J="7.9 Hz, 1H),

NH| 7.32 (d, J= 8.1 Hz, 1H), 7.14 (m, 2H), 7.08 (t, J =

7.4 Hz, 1H), 7.00 (d, J = 8.1 Hz, 1H), 6.98 (s, 1H),

5.64 (d, J = 7.8 Hz, 1H), 491 (q, J = 5.8 Hz, 1H),



4.28 (t,J=17.7 Hz, 1H), 4.07 (m, 2H), 3.66 (s, 3H), 3.26 (d, J = 5.5 Hz, 2H), 2.10 (m, 1H), 1.44
(s, 9H), 1.07 (d, J = 6.1 Hz, 3H), 0.88 (d, J = 6.7 Hz, 3H), 0.83 (d, J = 6.7 Hz, 3H). 3C NMR
(100 MHz, CDCl3) § 172.3, 171.6, 171.1, 156.6, 136.2, 127.4, 123.5, 122.1, 119.6, 118.4, 111.5,
109.4, 80.7, 67.0, 58.8, 58.3, 52.7, 52.6, 50.8, 30.7, 28.4, 27.7, 19.2, 18.4, 17.8. Spectral data

matched with those reported in literature.'3

Methyl  (6S,9S)-9-((1H-indol-3-yl)methyl)-6-(3-(benzyloxy)-3-oxopropyl)-2,2-dimethyl-4,7, 1 0-

trioxo-3-oxa-3,8, 1 1-triazatridecan-13-oate

CO,Bn Compound 1p was prepared following the general

0 ’ o liquid phase synthesis procedure A. "TH NMR (400
>‘\0J\N N_QJ\N/\WO\ MHz, CDCLy) § 8.31 (s, 1H), 7.61 (d, J = 8.0 Hz, 1H),
H o = /"' 0 7.43 —7.28 (m, 6H), 7.16 (t, J = 7.5 Hz, 1H), 7.09 (s,

NH 1H), 6.88 (d, J= 7.8 Hz, 1H), 6.79 (s, 1H), 5.35 (d, J=

6 5.0 Hz, 1H), 5.10 (s, 2H), 4.78 (g, J = 6.6 Hz, 1H),

4.05 (q,J= 5.9 Hz, 1H), 3.95 — 3.79 (m, 2H), 3.65 (s,
3H), 3.39 — 3.18 (m, 2H), 2.37 (t, J = 7.0 Hz, 2H), 1.96 — 1.77 (m, 2H), 1.33 (s, 9H). 3C NMR
(100 MHz, CDCl3) § 173.4, 171.6, 171.5, 169.9, 156.1, 136.3, 135.8, 128.8, 128.5, 128.4, 127.6,
123.7,122.3,119.9, 118.7, 111.5, 110.1, 80.6, 66.8, 54.8, 53.8, 52.3, 41.3, 30.5, 28.3, 27.6, 27.2.

Spectral data matched with those reported in literature.'3

Methyl (tert-butoxycarbonyl)-L-tyrosyl-L-alanyl-L-valyl-L-tryptophanate

OH Compound 1q was prepared following the
general liquid phase synthesis procedure A.

>Loj\n Hjj\nj;(“jo/ TH NMR (300 MHz, DMSO-d,) 5 10.84 (s,
H i POH I : 1H), 9.13 (s, 1H), 8.37 (d, /= 7.0 Hz, 1H),

“NH| 7.97(d,J=7.2Hz, 1H),7.74 (d,J=9.0 Hz,

1H), 7.46 (d, J= 7.8 Hz, 1H), 7.32 (d, J =
8.0 Hz, 1H), 7.13 (d, J = 1.9 Hz, 1H), 7.09
—6.91 (m, 4H), 6.82 (d, J = 8.5 Hz, 1H), 6.62 (d, J= 8.5 Hz, 2H), 4.50 (q, J= 7.1 Hz, 1H), 4.42
—4.29 (m, 1H), 4.27 — 4.18 (dd, J= 8.8, 6.5 Hz, 1H), 4.09 — 3.98 (m, 1H), 3.52 (s, 3H), 3.19 —
3.00 (m, 2H), 2.89 — 3.53 (m, 2H), 1.95 (m, 1H), 1.28 (s, 9H), 1.17 (d, J= 6.8 Hz, 3H), 0.86-0.71
(m, 6H).1*C NMR (101 MHz, DMSO-dg) 6 172.2, 172.0, 171.7, 171.1, 155.8, 155.4, 136.1, 130.2,

128.3, 127.1, 123.6, 121.1, 118.5, 118.0, 114.9, 111.5, 109.4, 78.1, 57.1, 56.1, 53.1, 51.8, 48.1,
36.6,31.1,28.2,27.0, 19.1, 18.3, 17.9. Spectral data matched with those reported in literature.'




(Tert-butoxycarbonyl)-L-alanyl-L-tryptophyl-L-leucine

Compound 1s was prepared following the general
o) H o) /d(\ liquid phase synthesis procedure A. '"H NMR (400
>‘\0J\NJ\WN.&J\N OH| MHz, DMSO-d6) & = 10.82 (s, 1H), 8.22 (d, J = 8.0
"o M o Hz, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.57 (d,J= 7.9 Hz,

1H), 7.31 (d, J = 8.1 Hz, 1H), 7.24 (t, J = 7.4, 1H),
7.17 (d,J=17.6 Hz, 1H), 7.15—-7.11 (m, 1H), 7.05 (t,
J=1.5Hz, 1H), 6.96 (t, J = 7.4 Hz, 2H), 4.61 — 6.53
(m, 1H), 4.29 —4.22 (m, 1H), 3.94 —3.96 (m, 1H), 3.18 —2.92 (m, 2H), 1.66 — 1.55 (m, 1H), 1.54
—1.49 (m, 2H), 1.35 (s, 9H), 1.10 (d, J = 7.2 Hz, 3H), 0.88 (d, J = 6.4 Hz, 3H), 0.82 (d, /= 6.3
Hz, 3H). 3C NMR (101 MHz, DMSO) 6 =174.0, 172.5,171.3, 155.1, 136.1, 129.0, 123.7, 120.8,
118.5, 118.2, 111.3, 109.7, 78.2, 52.8, 50.3, 50.1, 28.2, 24.3, 22.9, 21.4, 18.1.Spectral data

matched with those reported in literature. '

Methyl N*-acetyl-L-leucyl-L-valyl-1-(pyrimidin-2-yl)-L-tryptophanate
Compound 1s was prepared following the general
N QJ\ I}/ N &f\ _ liquid phase synthesis procedure A. '"H NMR (300
MHz, DMSO-dy) 6 8.82 (d, J = 4.8 Hz, 2H), 8.70
N"</ } (d, /J=8.2 Hz, 1H), 8.44 (d, /J=7.1 Hz, 1H), 8.16
(s, 1H), 7.98 (d, J = 8.2 Hz, 1H), 7.60 (t, J = 8.1
Hz, 1H), 7.34 - 7.27 (m, 1H), 7.22 (t, J= 7.1 Hz,
1H), 4.58 (dd, J=14.0, 7.2 Hz, 1H), 4.27 (q, J= 7.8 Hz, 1H), 4.18 (dd, /= 8.9, 6.8 Hz, 1H), 3.56
(s, 3H), 3.16 (dd, J = 14.8, 7.0 Hz, 2H), 1.93 (m, 1H), 1.81 (s, 3H), 1.50 (m, 1H), 1.33 (t, J=7.2
Hz, 2H), 0.76 (m 12H). Spectral data matched with those reported in literature.!>

7.2. Characterization of starting materials a-bromo-derivatives (2¢-20, 2u-2z)
1-(benzo[d][1,3]dioxol-5-yl)-2-bromoethan-1-one
o Compound 2¢ was prepared according to general procedure 3B. TH NMR
Br 0 | (400 MHz, CDCl3) 6 7.59 (d, J= 8.2 Hz, 1H), 7.45 (s, 1H), 6.88 (d, J =
\)‘\©:O> 8.2 Hz, 1H), 6.07 (s, 2H), 4.37 (s, 2H). 3C NMR (100 MHz, CDCl;) 8

189.7,152.7, 148.6, 128.8, 125.7, 108.7, 108.3, 102.3, 30.7. Spectral data

matched with those reported in literature. !¢

S-phenyl 2-bromoethanethioate
o : Compound 2d was prepared according to general procedure 2B. 'H NMR

(400 MHz, CDCl;) 6 7.44 (m, 5H), 4.13 (s, 2H). 3C NMR (100 MHz,
CDCl;) 6 191.2, 134.7, 130.1, 129.6, 126.9, 33.3. Spectral data matched

with those reported in literature.!’



(18,2R,58)-2-isopropyl-5-methylcyclohexyl 2-bromoacetate

Me
(o)
Br g
N

Me Me

76.6,47.1, 40.6, 34.3, 3

reported in literature. !

Compound 2e was prepared according to general procedure 1B ."H NMR
(400 MHz, CDCl;) 6 4.73 (td, J=10.9, 4.4 Hz, 1H), 3.84 — 3.77 (m, 2H),
2.01(d,J=12.0 Hz, 1H), 1.95 - 1.83 (m, 1H), 1.69 (d, J=11.1 Hz, 2H),
1.55-1.35 (m, 2H), 1.12 — 0.95 (m, 2H), 0.94 — 0.87 (m, 6H), 0.81-0.86
(m, 1H), 0.76 (d, J= 7.0 Hz, 3H).3C NMR (100 MHz, CDCl3) & 167.0,
1.5, 26.4, 26.3, 23.5, 22.1, 20.9, 16.4. Spectral data matched with those

(1S,2R,58)-2-isopropyl-5-methylcyclohexyl (£)-2-bromopropanoate

Me

0 b
oo

Me Me/_\ Me

Compound 2f was prepared according to general procedure 1B. 'TH NMR
(400 MHz, CDCls) 6 (diasteroisomers) 4.76 — 4.63 (m, 1H), 4.34 (q, J =
6.9 Hz, 1H), 2.03 — 1.84 (m, 2H), 1.81 (d, /= 6.9 Hz, 3H), 1.69 (d, J =
11.1 Hz, 2H), 1.44 (m, 2H), 1.14 — 0.94 (m, 2H), 0.91 (m, 7H), 0.76 (d,
J=17.0 Hz, 3H). BC NMR (100 MHz, CDCl;) & (diasteroisomers)170.0,

170.0, 76.1, 47.2, 47.0, 41.0, 40.8, 40.6, 40.3, 34.3, 31.5, 31.5, 26.3, 26.1, 23.5,23.4,22.1, 21.8,
21.7,20.9,20.9, 16.4, 16.2. Spectral data matched with those reported in literature.?

(1S,2R,5S)-2-isopropyl-5-methylcyclohexyl 2-bromo-2-methylpropanoate

3,0

Me Me
e/\ Me

31.5, 30.9, 30.9, 26.3,

literature.?

Compound 2g was prepared according to general procedure 1B. "TH NMR
(400 MHz, CDCl3) 6 4.69 (td, J=10.9, 4.4 Hz, 1H), 2.03 — 1.94 (m, 2H),
1.92 (s, 6H), 1.70 (d, J=11.0 Hz, 2H), 1.48 (t, J=11.6 Hz, 2H), 1.13 —
0.95 (m, 2H), 0.93 — 0.88 (m, 6H), 0.86 (m, 1H), 0.77 (d, J = 7.0 Hz,
3H).13C NMR (100 MHz, CDCl;) 6 171.3, 76.2, 56.5, 47.2, 40.3, 34.4,
23.4, 22.2, 20.9, 16.3. Spectral data matched with those reported in

2-bromo-N-(1,3-dioxoisoindolin-2-yl)acetamide

O, ; >
(o}
Br\)J\N,N
H o

Compound 2h was prepared according to general procedure 2B. 'H
NMR (400 MHz, acetone-ds) 6 7.38 (m, 4H), 3.59 (s, 2H). 13C NMR
(100 MHz, acetone-ds) 6 166.4, 165.5, 135.9, 130.9, 124.5, 26.2.

Methyl (2-bromoacetyl)

o
Br\)J\N/q/O\
H o

Spectral data matched with those reported in literature.*
-L-alloisoleucinate

Compound 2i was prepared according to general procedure C. "TH NMR
(400 MHz, CDCl3) 6 6.93 (d, J= 8.7 Hz, 1H), 4.57 (dd, /= 8.5, 4.8 Hz,
1H), 3.90 (s, 2H), 3.76 (s, 3H), 2.00 — 1.87 (m, 1H), 1.51 —1.39 (m, 1H),
1.27-1.13 (m, 1H), 0.94 (m, 6H).3C NMR (100 MHz, CDCl5) 6 171.9,



165.4, 57.2, 52.4, 38.0, 29.1, 25.3, 15.5, 11.7. Spectral data matched with those reported in
literature.®
Methyl (2-bromoacetyl)-L-valinate
0 Compound 2j was prepared according to general procedure C. '"H NMR
BFVU\,EO (400 MHz, CDCl3) 6 6.91 (d, J= 7.4 Hz, 1H), 4.53 (dd, /= 8.7, 4.8 Hz,
H O 1H), 3.91 (s, 2H), 3.76 (s, 3H), 2.22 (m, 1H), 0.95 (m, 6H). 3C NMR
(100 MHz, CDCl;) 6 171.9, 165.5, 57.8, 52.5, 31.5, 29.1, 19.0, 17.8.

Spectral data matched with those reported in literature.®

Methyl (2-bromoacetyl)-L-alaninate

o Compound 2k was prepared according to general procedure C. 'TH NMR
Ao
H o

(400 MHz, CDCl3) 6 7.01 (s, 1H), 4.57 (p, J = 7.2 Hz, 1H), 3.88 (s, 2H),
3.77 (s, 3H), 1.45 (d, J = 7.2 Hz, 3H). 3C NMR (100 MHz, CDCl5) 6
173.0, 165.2, 52.9, 48.9, 28.9, 18.3. Spectral data matched with those reported in literature.®

Methyl (2-bromoacetyl)-L-phenylalaninate

Compound 21 was prepared according to general procedure C. '"H NMR

o (400 MHz, CDCl3) 6 7.29 — 7.09 (m, 3H), 7.05 (d, /= 7.2 Hz, 2H), 6.78

Br\)J\N o (d, J=7.9 Hz, 1H), 4.78 (q, 5.9 Hz, 1H), 3.83 — 3.70 (m, 2H), 3.66 (s,
H o

3H), 3.16 —2.92 (m, 2H). 3C NMR (100 MHz, CDCls) 8 171.4, 165.2,
135.4, 129.4, 128.8, 127.5, 53.8, 52.6, 37.8, 28.8. Spectral data matched with those reported in

literature.®

Methyl (2-bromoacetyl)-L-prolinate

o Compound 2m was prepared according to general procedure C. "H NMR (400
BI'\/U\N MHz, CDCls) 6 4.52 (dd, J=8.6, 3.7 Hz, 1H), 3.85 (m, 2H), 3.75 (s, 3H), 3.74
/O —3.58 (m, 2H), 2.38 — 1.98 (m, 4H). 3C NMR (100 MHz, CDCl;) 6 172.3,

(0] 165.4, 59.3, 52.5, 47.6, 29.3, 27.1, 25.0. Spectral data matched with those

reported in literature.®

Dimethyl (2-bromoacetyl)-L-glutamate

cOo,Me| Compound 20 was prepared according to general procedure C. 'H

o NMR (400 MHz, CDCl;) 6 7.12 (d, J= 7.8 Hz, 1H), 4.60 (m, 1H), 3.87

Br\)j\N (o) (s, 2H), 3.76 (s, 3H), 3.68 (s, 3H), 2.48 — 2.30 (m, 2H), 2.25 (m, 1H),

H o 2.04 (m, 1H). BC NMR (100 MHz, CDCl3) 6 173.2, 171,8, 165.8, 52.8,
52.4,52.1,30.0, 28.7, 27.1. Spectral data matched with those reported in literature.°




2-methoxy-4-vinylphenyl 2-bromoacetate

fo) = Compound 2u was prepared according to general procedure 2B.
Br\)J\O/Q/\/ 'H NMR (400 MHz, CDCl;) & 6.98 (d, J = 8.0 Hz, 1H), 6.80 (s,
O g 1H), 6.78 (d, J = 8.5 Hz, 1H), 5.95 (m, 1H), 5.12 (d, J = 8.1 Hz,

1H), 5.09 — 5.07 (m, 1H), 4.08 (s, 2H), 3.82 (s, 3H), 3.38 (d, J = 6.7 Hz, 2H). 3C NMR (100
MHz, CDCls) 8 165.6, 150.8, 139.7, 137.7, 137.0, 122.2, 120.8, 116.4, 112.9, 56.0, 40.2, 25.5.

Spectral data matched with those reported in literature. ©

3, 7-dimethyloct-6-en-1-yl 2-bromoacetate

o Compound 2v was prepared according to general procedure
Br\)ko/\)\/\)\ 1B. 'H NMR (400 MHz, CDCls) 6 5.08 (t, /= 7.0 Hz, 1H),
4.26 —4.15 (m, 2H), 3.82 (s, 2H), 2.06 — 1.90 (m, 2H), 1.80-1.71 (m, 1H), 1.68 (s, 3H), 1.59 (s,
3H), 1.52-1.42 (m, 2H), 1.40 — 1.27 (m, 1H), 1.27 — 1.11 (m, 2H), 0.92 (d, J = 6.5 Hz, 3H). 3C
NMR (100 MHz, CDCls) 6 167.5, 131.6, 124.6, 65.0, 37.0, 35.3, 29.4, 26.1, 25.9, 25.5, 19.5,

17.8. Spectral data matched with those reported in literature.3

2-bromo-N-(3,5-dimethyladamantan- 1-yl)acetamide

Compound 2x was prepared according to general procedure 2B.'H NMR (400
Br\)oJ\ MHz, CDCls) 8 6.80 (s, 1H), 3.76 (s, 2H), 2.15 (q, J = 3.2 Hz, 1H), 1.84 (s,

NH | o/, 1.64 (td, J=22.0, 11.7 Hz, 4H), 1.33 (td, J= 36.9, 12.9 Hz, 4H), 1.16 (td,
J=23.8,6.9 Hz, 2H), 0.85 (s, 6H). 3C NMR (100 MHz, CDCl3) 6 164.3, 54.3,

50.6, 47.2, 42.6, 39.8, 32.5, 30.1, 30.1. Spectral data matched with those

reported in literature.*

Methyl (S)-3-((2-bromoacetamido)methyl)-5-methylhexanoate
Compound 2z was prepared according to general procedure 3C. 'H
(0] NMR (400 MHz, CDCl;) 6 6.17 (s, 1H), 3.87 (s, 2H), 3.69 (s, 3H), 3.36
Br\)J\N/?/ (dt, J=13.4, 5.3 Hz, 1H), 3.18 (dt, J= 13.7, 6.9 Hz, 1H), 2.40 — 2.23
h (m, 2H), 2.20 (m, 1H), 1.64 (m, 1H), 1.17 (m, 2H), 0.89 (dd, /=9.7, 6.5

Hz, 6H). 3C NMR (100 MHz, CDCls) 6 173.6, 165.6, 51.8, 43.9, 41.7,
37.3,33.0,29.2,25.2,22.7, 22.6. Spectral data matched with those reported in literature.®

MeO,C

1-(2-(((1S,2R,5S)-2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)-2,6-dimethylpyridin- 1 -ium

Compound lutidine-salt was prepared according to general

Me. __Me

H o . Me procedure E. '"H NMR (400 MHz, MeOH-d,) 6 8.42 (t,J= 7.9 Hz,
Q’ jﬁj“é 1H), 7.96 (d, J= 7.9 Hz, 2H), 5.63 (s, 2H), 4.89 (dt,/=11.0, 5.5 Hz,
OMe = 1H), 2.83 (s, 6H), 2.15 — 2.02 (m, 1H), 1.86 (dq, J=11.4, 4.4, 3.5

Me Hz, 1H), 1.81 — 1.64 (m, 2H), 1.56 — 1.41 (m, 2H), 1.22 — 1.05 (m,




2H), 0.94 (t, J= 6.8 Hz, 6H), 0.79 (d, /= 7.0 Hz, 3H). 13C NMR (100 MHz, MeOH-d,) 4 166.3,
158.1, 147.3, 129.1, 79.1, 55.1, 41.6, 35.1, 32.7, 27.5,24.2,22.3, 21.6, 21.1, 16.3. HRMS (ESI):
m/z calc. for C;oH3(NO, [M+H]* 304.2271, found 304.2274.

7.3. Characterization of tryptophan C-2 functionalization

Methyl (S)-2-((tert-butoxycarbonyl)amino)-3-(2-(2-oxo-2-phenylethyl)- 1 H-indol-3-
yl)propanoate

Compound 3a was prepared according to general procedure D,
methyl (tert-butoxycarbonyl)-L-tryptophanate (64 mg, 0.20 mmol)
and 2-bromo-1-phenylethan-1-one (20 mg, 0.10 mmol). Flash
column chromatography purification (CH,CL,/EtOAc 9:1) afforded

compound 3a (29 mg, 67%) as an yellow amorphous solid. 'H NMR
(400 MHz, CDCl;) 6 8.83 (s, 1H), 8.07 (d, /= 7.7 Hz, 2H), 7.61 (t,J
=17.4 Hz, 1H), 7.51 (t, J= 7.7 Hz, 2H), 7.32 (d, /= 8.0 Hz, 1H), 7.15 (t, /= 7.5 Hz, 1H), 7.08 (t,
J=17.5Hz, 1H), 5.19 (d, /= 8.2 Hz, 1H), 4.64 (d, /= 6.9 Hz, 1H), 4.47 (d, J= 3.5 Hz, 2H), 3.58
(s, 3H), 3.33 (dq,J=14.7, 5.5 Hz, 2H), 1.39 (s, 9H). 3C NMR (101 MHz, CDCl3) 6 197.4, 172.8,
155.4, 136.4, 136.0, 134.0, 129.5, 129.1, 128.6, 128.3, 122.1, 119.7, 118.5, 111.0, 107.7, 80.0,
54.4,52.5,35.1,28.4, 27.6. HRMS (ESI): m/z calc. for CysHpsN,NaOs [M+H]* 459.1890, found
459.1895.

Methyl  (S)-2-((tert-butoxycarbonyl)amino)-3-(2-(2-(4-fluorophenyl)-2-oxoethyl)- 1 H-indo!-3-
yvl)propanoate

Compound 3b was prepared according to general procedure D,
Boc-Trp-OMe (64 mg, 0.20 mmol) and 2-bromo-1-(4-
fluorophenyl)ethan-1-one (22 mg, 0.10 mmol). Flash column
chromatography purification (CH,Cl,/ EtOAc 9.5:0.5) afforded

compound 3b (25 mg, 55%) as an yellow amorphous solid. "H
NMR (400 MHz, CDCls) 6 8.82 (s, 1H), 8.15 — 8.03 (m, 2H), 7.47 (d, /= 7.3 Hz, 1H), 7.33 (d,
J=8.1 Hz, 1H), 7.20 — 7.11 (m, 3H), 7.08 (t, /= 7.4 Hz, 1H), 5.20 (d, J= 7.4 Hz, 1H), 4.62 (q, J
= 6.4 Hz, 1H), 4.53 — 4.37 (m, 2H), 3.57 (s, 3H), 3.41 — 3.21 (m, 2H), 1.40 (s, 9H). 3C NMR
(101 MHz, CDCls) 6 172.8, 167.6, 165.1, 155.4, 136.0, 132.8, 131.5, 131.4, 129.3, 128.2, 122.1,
119.7,118.5, 116.3, 116.1, 111.1, 107.8, 80.1, 54.5, 52.6, 35.3, 28.4, 27.7. '"F NMR (377 MHz,
CDCl;) & -103.6. HRMS (ESI): m/z calc. for CysH,;FN,NaOs [M+Na]* 477.1796, found
477.1798.




Methyl (S)-3-(2-(2-(benzo[d][1,3]dioxol-5-yl)-2-oxoethyl)-1 H-indol-3-yl)-2-((tert-

butoxycarbonyl)amino)propanoate

Compound 3¢ was prepared according to general procedure D, Boc-Trp-
OMe (64 mg, 0.20 mmol) and 1-(benzo[d][1,3]dioxol-5-yl)-2-
bromoethan-1-one (24 mg, 0.10 mmol). Flash column chromatography
purification (CH,Cl,/ EtOAc 9.5:0.5) afforded compound 3¢ (22 mg,
45%) as a brown liquid. '"H NMR (400 MHz, CDCl;) ¢ 8.84 (s, 1H),
7.70 (d, J = 8.1 Hz, 1H), 7.49 (s, 1H), 7.47 (d, J = 8.0 Hz, 1H), 7.31 (d,
J=179Hgz, 1H), 7.13 (t,J= 7.7 Hz, 1H), 7.09 (t, J = 7.5 Hz, 1H), 6.89
(d, J=8.2 Hz, 1H), 6.07 (s, 2H), 5.21 (d, J= 7.7 Hz, 1H), 4.63 (q, J= 5.1 Hz, 1H), 4.38 (m, 2H),
3.59 (s, 3H), 3.32 (m, 2H), 1.41 (s, 9H). 3C NMR (100 MHz, CDCl;) 6 195.4, 172.9, 155.4,
152.6, 148.6, 135.9, 131.2, 129.7, 125.3, 122.0, 119.6, 118.5, 111.0, 108.2, 107.5, 102.2, 80.0,
54.5,52.5,34.8,28.4,27.6. HRMS (ESI): m/z calc. for C,sHxsN,NaO; [M+Na]* 503.1789, found
503.1799.

Methyl (S)-2-((tert-butoxycarbonyl)amino)-3-(2-(2-oxo-2-(phenylthio)ethyl)- 1 H-indol-3-
yl)propanoate

Compound 3d was prepared according to general procedure D, Boc-
Trp-OMe (64 mg, 0.20 mmol) and S-phenyl 2-bromoethanethioate
NHBoc (23 mg, 0.10 mmol). Flash column chromatography purification
(CH,Cly/ EtOAc 9.5:0.5) afforded compound 3d (23 mg, 48%) as an
H g brown liquid. "TH NMR (400 MHz, CDCl;) 6 8.50 (s, 1H), 7.43 (d, J

@ = 8.0 Hz, 1H), 7.30-7.36 (m, 5H), 7.20 (d, /= 9.6 Hz, 1H), 7.08 (t, J
=7.5Hz, 1H), 7.02 (t, /= 7.4 Hz, 1H), 5.13 (d, /= 7.8 Hz, 1H), 4.58
(q, J = 6.8 Hz, 1H), 4.00 (s, 2H), 3.57 (s, 3H), 3.23 (d, J = 5.6 Hz, 2H), 1.35 (s, 9H). BC NMR
(100 MHz, CDCl3) 6 195.1, 172.8, 155.29, 135.92, 134.56, 129.94, 129.45, 127.95, 127.09,
122.45,119.88, 118.81, 111.02, 108.53, 80.07, 54.33, 52.54, 40.23, 28.46, 27.41. HRMS (ESI):
m/z calc. for C,sHpsN,NaOsS [M+Na]* 491.1611, found 491.1620.




Methyl (S)-2-((tert-butoxycarbonyl)amino)-3-(2-(2-(((1S,2R,5S)-2-isopropyl-5-
methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-indol-3-yl)propanoate

o / Compound 3e was prepared according to general procedure D,
Boc-Trp-OMe (64 mg, 0.20 mmol) and (15,2R,5S5)-2-isopropyl-
5-methylcyclohexyl 2-bromoacetate (28 mg, 0.1 mmol). Flash
column chromatography purification (CH,Cly/ EtOAc 9.5:0.5)
afforded compound 3e (39 mg, 76%) as a light yellow
amorphous solid. '"H NMR (400 MHz, CDCls) & 8.80 (s, 1H),
7.40 (d, J= 7.8 Hz, 1H), 7.23 (d, J= 8.0 Hz, 1H), 7.04 (m, 2H),

Me

5.10 (d, J = 7.6 Hz, 1H), 4.68 (td, J = 10.8, 4.3 Hz, 1H), 4.53
(m, 1H), 3.70 (s, 2H), 3.55 (s, 3H), 3.17 (d, J= 5.5 Hz, 2H), 1.92 (d, J= 12.0 Hz, 1H), 1.79 - 1.67
(m, 1H), 1.67 — 1.54 (m, 2H), 1.45 — 1.35 (m, 1H), 1.35 (s, 9H), 1.18 (t, J = 7.3 Hz, 2H), 1.08 —
0.87 (m, 2H), 0.83 (d, J = 6.7 Hz, 3H), 0.79 (d, J = 6.9 Hz, 3H), 0.65 (d, J = 6.9 Hz, 3H).3C
NMR (100 MHz, CDCLy) § 172.8, 170.5, 155.2, 135.7, 128.9, 128.4, 122.0, 119.7, 118.5, 110.9,
107.5,79.9, 75.7, 54.3, 52.4, 47.1, 40.9, 34.2, 31.8, 31.5, 28.4, 27.3, 26.3, 23.5, 22.1, 20.8, 16.4.
HRMS (ESI): m/z calc. for CooHy»N,NaOg [M+Na]* 537.2935, found 537.2940.

Methyl (S)-2-amino-3-(2-(2-(((1S,2R,5S)-2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-
indol-3-yl)propanoate

Compound 3e* was prepared according to general procedure D,

HCLNH,-Trp-OMe 51 mg, 0.20 mmol) and (1S,2R,5S)-2-

o4
NH, isopropyl-5-methylcyclohexyl 2-bromoacetate (28 mg, 0.1
mmol). Flash column chromatography purification (Hexane/
EtOAc 7:3) afforded compound 3e? (15 mg, 35%) as a brown
solid. 'TH NMR (400 MHz, CDCl;) 6 8.17 (s, 1H), 7.61 (d, J =

Me 7.9 Hz, 1H), 7.35 (d, J= 8.1 Hz, 1H), 7.19 (t, J = 7.5 Hz, 1H),
7.16 — 7.08 (m, 1H), 3.70 (t, J = 6.5 Hz, 1H), 3.66 (s, 3H), 3.46— 3.30 (m, 2H), 3.30 — 3.13 (m,
2H), 2.13 (s, 2H, -NH,), 1.92 (d, J=11.9 Hz, 1H), 1.81 — 1.69 (m, 1H), 1.69 — 1.58 (m, 1H), 1.49
—1.37 (m, 1H), 1.28 — 1.16 (m, 1H), 0.97 — 0.74 (m, 1H), 0.86 (m, 8H), 3.09 (d, /= 6.9 Hz, 3H).
3 3C NMR (100 MHz, CDCl3) 6 174.4, 171.3, 136.4, 127.5, 123.2, 122.3, 119.7, 118.8, 111.4,
111.0, 75.0, 61.2, 52.1, 49.4, 46.9, 40.8, 34.2, 31.5, 29.2, 26.4, 23.5, 22.1, 20.8, 16.5. HRMS
(ESI): m/z calc. for C,4H3sN,O4 [M+H]" 415.2591, found 415.2597.




Methyl (S)-2-((tert-butoxycarbonyl)amino)-3-(2-(1-(((1S,2R,5S)-2-isopropyl-5-
methylcyclohexyl)oxy)-1-oxopropan-2-yl)-1H-indol-3-yl)propanoate

Compound 3f was prepared according to general procedure

o D, Boc-Trp-OMe (64 mg, 0.20 mmol) and (1S,2R,55)-2-

Oo—

BocHN'" isopropyl-5-methylcyclohexyl 2-bromopropanoate (29 mg,
0.1 mmol). Flash column chromatography purification
(Hexane/ EtOAc 9:1) afforded compound 3f (25 mg, 47%)
as an brown solid."H NMR (400 MHz, CDCl;) & 8.64 (s, J=
\ 75.3 Hz, 1H), 7.48 (d, J=18.2, 7.9 Hz, 1H), 7.30 (t, J="7.2

Me Hz, 1H), 7.15 (m, 1H), 7.08 (m, 1H), 5.12 (d, J = 8.3 Hz,
1H), 4.78 — 4.51 (m, 2H), 3.99 (p, /= 6.9 Hz, 1H), 3.63 (s, 3H), 3.25 (m, 2H), 1.93 (dd, J = 44.6,
10.6 Hz, 2H), 1.68 (m, 3H), 1.55 (m, 3H), 1.42 (s, 9H), 1.05 (m, 2H), 0.91 (d, J = 6.7 Hz, 3H),
0.81 (dd, J=27.3, 6.7 Hz, 6H), 0.57 (dd, J = 67.0, 6.7 Hz, 3H).13C NMR (100 MHz, CDCl;)
174.2,173.0, 155.4, 135.7, 134.6, 128.3, 122.1, 119.7, 118.7, 111.0, 106.5, 80.0, 75.6, 54.5, 52.4,
47.2,40.7,37.3,34.3,31.5,28.427.4,26.4,25.9,23.5,22.1,20.9,20.2, 19.1, 16.3. HRMS (ESI):
m/z calc. for C30Hy4N>NaOg [M+Na]* 551.3092, found 551.3091.

Methyl (S)-2-((tert-butoxycarbonyl)amino)-3-(2-(2-((1,3-dioxoisoindolin-2-yl)amino)-2-
oxoethyl)-1H-indol-3-yl)propanoate

Compound 3h was prepared according to general procedure D,

Boc-Trp-OMe (64 mg, 0.20 mmol) and 2-bromo-N-(1,3-

Oo—

NHBoc dioxoisoindolin-2-yl)acetamide (28 mg, 0.10 mmol). Flash
A\ column chromatography purification (CH,Cl,/ EtOAc 9:1)
H NH 0 afforded compound 3h (21 mg, 40%) as a brown liquid. '"H
NMR (400 MHz, CDCl3) 6 9.43 (s, 1H), 8.74 (s, 1H), 7.86 (m,
2H), 7.75 (m, 2H), 7.46 (d, J = 7.7 Hz, 1H), 7.29 (d, J= 8.1 Hz,
1H), 7.12 (t, J=7.4 Hz, 1H), 7.07 (t, J = 7.4 Hz, 1H), 5.54 (d, J= 6.7 Hz, 1H), 4.73 (s, 1H), 3.93
(s, 2H), 3.68 (s, 3H), 3.24 (m, 2H), 1.12 (s, 9H). 3C NMR (100 MHz, CDCl;) 6 172.8, 169.2,
165.2, 155.6, 136.1, 134.9, 134.8, 130.2, 128.6, 127.6, 124.2, 124.1, 122.4, 119.7, 118.7, 111.2,
109.2, 80.5, 54.9, 52.8, 32.5, 28.6, 28.0. HRMS (ESI): m/z calc. for Cy;H,sN,NaO; [M+Na]*
543.1850, found 543.1852.




Methyl (2-(3-((S)-2-((tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropyl)- 1 H-indol-2-
vl)acetyl)-L-alloisoleucinate

o o/ Compound 3i was prepared according to general procedure D,
Boc- Trp-OMe (64 mg, 0.20 mmol) and methyl (2-bromoacetyl)-

NHBoc L-alloisoleucinate (27 mg, 0.10 mmol). Flash column

N chromatography purification (Hexane/ EtOAc 8:2) afforded
H g NH S compound 3i (35 mg, 70%) as a brown liquid. '"H NMR (400
0:80_\— MHz, CDCl;) 6 9.00 (s, 1H), 7.43 (d, J=7.9 Hz, 1H), 7.28 (d, J

= 8.0 Hz, 1H), 7.12 (t,J= 7.5 Hz, 1H), 7.07 (t,J= 7.5 Hz, 1H),
6.91 (s, 1H), 5.36 (s, 1H), 4.53 (m, 2H), 3.72 (m, , 5H), 3.57 (s, 3H), 3.20 (m, 2H), 1.87 (m, 1H),
1.41 (s, 9H), 1.26 (m, 2H), 0.87 (m, 6H). 3C NMR (100 MHz, CDCl;)  172.9, 172.4, 170.1,
155.4, 135.9, 129.8, 128.3, 121.9, 119.5, 118.3, 111.1, 107.7, 80.2, 57.2, 55.2, 52.5, 52.2, 37.5,
33.7,28.4,28.2,25.4,15.6, 11.6. HRMS (ESI): m/z calc. for C,sH36N3NaO; [M+Na]* 526.2524,
found 526.2531.

Methyl (2-(3-((S)-2-((tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropyl)- 1 H-indol-2-
yvl)acetyl)-L-valinate
o o/ Compound 3j was prepared according to general procedure D, Boc-

Trp-OMe (64 mg, 0.20 mmol) and methyl (2-bromoacetyl)-L-

NHBoc valinate (25.2 mg, 0.10 mmol). Flash column chromatography
N purification (CH,Cl,/ EtOAc 8:2) afforded compound 3j (31 mg,
N S NH /1 64%) as a brown liquid. TH NMR (400 MHz, CDCls) 5 9.05 (s, 1H),

0:8{ 743 (d,J=7.8 Hz, 1H), 7.28 (d,J=8.1 Hz, 1H), 7.11 (t,J= 7.5 Hz,
1H), 7.08 - 7.04 (t, J=7.8 Hz, 1H), 6.97 (d, /= 6.1 Hz, 1H), 5.39 (s,
1H), 4.50 (m, 2H), 3.86 — 3.63 (m, 5H), 3.57 (s, 3H), 3.18-3.26 (m, 2H), 2.14 (m, 1H), 1.40 (s,
9H), 0.98 —0.81 (m, 6H)."*C NMR (100 MHz, CDCl;) 6 172.6, 172.3,170.1, 155.3 135.7, 129.7,
128.2,121.8,119.4,118.2,111.0, 107.6, 80.2, 57.8, 55.1, 52.4, 52.2, 33.6, 30.8, 28.2, 28.1, 19.0,
18.0. HRMS (ESI): m/z calc. for C,sH;35sN3;NaO; [M+Na]* 512.2367, found 512.2358.

0_

Methyl (S)-2-((tert-butoxycarbonyl)amino)-3-(2-(2-(((S)-1-methoxy-1-oxopropan-2-yl)amino)-2-
oxoethyl)-1H-indol-3-yl)propanoate

o / Compound 3k was prepared according to general procedure D, Boc-
Trp-OMe (64 mg, 0.20 mmol) and methyl (2-bromoacetyl)-L-
NHBoc | alaninate (22.4 mg, 0.10 mmol). Flash column chromatography

N purification (CH,Cly/ EtOAc 7:3) afforded compound 3k (32 mg,
o 69%) as an brown liquid.'"H NMR (400 MHz, CDCl;) 6 8.86 (s, 1H),
O:8< 7.44 (d, J=17.9 Hz, 1H), 7.29 (t, J = 8.5 Hz, 1H), 7.10 (m, 3H), 5.30




(s, 1H), 4.58 (t, J = 7.8 Hz, 1H), 4.52 (m, 1H), 3.83 — 3.64 (m, 5H), 3.62 (s, 3H), 3.21 (m, 2H),
1.38 (d, J = 5.9 Hz, 3H), 1.31 (s, 9H). 3C NMR (100 MHz, CDCl;) § 173.5, 172.8, 170.0, 155.4,
135.9, 129.5, 128.4, 122.0, 119.5, 118.4, 111.1, 108.0, 80.2, 55.1, 52.6, 52.4, 48.5, 33.9, 28.2,
23.0, 17.6. HRMS (ESI): m/z calc. for C»;Hy N3NaO; [M+Na]* 484.2054, found 484.2061.

Methyl  (S)-2-((tert-butoxycarbonyl)amino)-3-(2-(2-(((S)-1-methoxy-1-oxo-3-phenylpropan-2-
yl)amino)-2-oxoethyl)- 1 H-indol-3-yl)propanoate

o 0/ Compound 31 was prepared according to general procedure D,

Boc- Trp-OMe (64 mg, 0.20 mmol) and methyl (2-

NHBoc bromoacetyl)-L-phenylalaninate (30 mg, 0.10 mmol). Flash

N column chromatography purification (CH,Cl,/ EtOAc 8:2)
N NH

afforded compound 31 (37 mg, 69%) as a light brown liquid.
(o) 'TH NMR (400 MHz, acetone-ds) 6 9.88 (s, 1H), 7.46 (d, J =
8.8 Hz, 1H), 7.29 (d, /= 8.0 Hz, 1H), 7.09 (m, 3H), 7.06 (d, J
= 2.5 Hz, 2H), 7.04 — 6.99 (m, 1H), 6.95 (t,J= 7.4 Hz, 1H), 6.29 (d, /= 7.5 Hz, 1H), 4.65 (dd, J
=13.5, 7.6 Hz, 1H), 4.40 (dd, J = 14.1, 7.9 Hz, 1H), 3.68 (d, J = 4.6 Hz, 2H), 3.57 (s, 3H), 3.56
(s, 3H), 3.10 (m, 2H), 3.00 (m, 2H), 1.23 (s, 9H). 13C NMR (100 MHz, acetone- ds) & 173.6,
172.5, 170.0, 156.4, 137.8, 137.0, 131.2, 130.1, 129.2, 127.5, 122.1, 119.7, 119.1, 111.8, 108.8,
79.3, 55.6, 54.7, 52.3, 52.3, 38.0, 34.1, 28.4, 27.7. HRMS (ESI): m/z calc. for C,yH;5N;NaO,
[M+Na]* 560.2367, found 560.2369.

Methyl (2-(3-((S)-2-((tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropyl)- 1 H-indol-2-
vl)acetyl)-L-prolinate

Compound 3m was prepared according to general procedure D, Boc-

° O/ Trp-OMe (64 mg, 0.20 mmol) and methyl (2-bromoacetyl)-L-
NHBoc prolinate (25.0 mg, 0.10 mmol). Flash column chromatography

N purification (CH,Cl,/ EtOAc 7:3) afforded compound 3m (33 mg,
H g N 68%) as a brown liquid. "H NMR (400 MHz, CDCls)  9.35 (s, 1H),
o o 7.45 (d, J=8.0 Hz, 1H), 7.30 (d, /= 7.9 Hz, 1H), 7.12 (t,J= 7.4 Hz,

1H), 7.06 (t, J= 7.3 Hz, 1H), 5.29 (s, 1H), 4.58 (m, 1H), 4.53 (dd, J
= 8.7, 3.3 Hz, 1H), 3.84 (s, 2H), 3.76 (s, 3H), 3.73 — 3.63 (m, 2H), 3.61 (s, 3H), 3.22 (m, 2H),
2.21 (m, 1H), 2.03 (m, 3H), 1.42 (s, 9H). 3C NMR (100 MHz, CDCl;) § 172.9, 172.9, 169.0,
155.3, 135.8, 129.5, 128.3, 121.8, 119.5, 118.2, 111.2, 106.8, 80.0, 59.1, 54.4, 53.6, 52.6, 47.6,
31.8,29.3,28.5,27.6, 24.9. HRMS (ESI): m/z calc. for C,sH;;N3NaO, [M+Na]* 510.2211, found
510.2206.



Dimethyl (2-(3-((S)-2-((tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropyl)- 1 H-indol-2-
vl)acetyl)-L-glutamate

o / Compound 3n was prepared according to general procedure D,

0 Boc- Trp-OMe (64 mg, 0.20 mmol) and dimethyl (2-
NHBoc bromoacetyl)-L-glutamate (29.6 mg, 0.10 mmol). Flash

N column chromatography purification (CH,Cl,/ EtOAc 7:3)
H 9 NH 0 afforded compound 3n (28 mg, 53%) as an brown liquid. '"H
0:8_\—{ NMR (400 MHz, CDCls) 6 8.94 (s, 1H), 7.73 (d, J = 6.8 Hz,

O~ Ol 11),7.44(d,J=7.9 Hz, 1H),7.29 (d, /= 8.1 Hz, 1H), 7.12 (&,

J=17.5Hz, 1H), 7.06 (t, J = 7.4 Hz, 1H), 5.40 (d, J = 6.6 Hz, 1H), 4.59 (m, 1H), 4.52 (dd, J =
13.3, 6.8 Hz, 1H), 3.67-3.76 (m, SH), 3.62 (s, 3H), 3.59 (s, 3H), 3.27 — 3.10 (m, 2H), 2.37 (t, J =
6.1 Hz, 2H), 2.15-2.25 (m, 1H), 1.92 — 2.02 (m, 1H), 1.30 (s, 9H). 3C NMR (100 MHz, CDCl;)
§173.3, 172.8, 172.3, 170.4, 155.4, 135.9, 129.4, 128.5, 122.0, 119.5, 118.5, 111.1, 108.1, 80.2,
55.0, 52.7, 52.6, 52.3, 51.9, 33.9, 30.3, 28.4, 28.2, 26.7. HRMS (ESI): m/z calc. for
C,sH3sN;NaO, [M+Na]* 556.2266, found 556.2271.

Methyl (2-(3-((S)-2-((tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropyl)- 1 H-indol-2-
yvl)acetyl)-L-methioninate

o / Compound 30 was prepared according to general procedure D,

0 Boc- Trp-OMe (64 mg, 0.20 mmol) and methyl (2-
NHBoc bromoacetyl)-L-methioninate (28 mg, 0.10 mmol). Flash

N\ / column chromatography purification (CH,Cl,/ EtOAc 8:2)
N S :N;Js afforded compound 30 (11 mg, 21%) as a light brown liquid. 'H
o) NMR (400 MHz, acetone-dy) 6 9.95 (s, 1H), 7.60 (t, J=7.0 Hz,

o— 1H), 7.41 (d, J=7.9 Hz, 1H), 7.23 (d, /= 7.8 Hz, 1H), 6.94 (t,

J=7.4Hz, 1H), 6.88 (t, J= 7.2 Hz, 1H), 6.27 (d, J= 8.1 Hz, 1H), 4.53 — 4.44 (m, 1H), 436 (q,
J=6.2 Hz, 1H), 3.68 (s, 2H), 3.53 (s, 3H), 3.50 (s, 3H), 3.13 (m, 2H), 2.47 — 2.33 (m, 2H), 1.96
(m, 2H), 1.88 (s, 3H), 1.16 (s, 9H). 3C NMR (100 MHz, acetone- d) 173.5, 172.9, 170.2, 156.4,
137.0, 136.9, 129.2, 122.0, 119.6, 119.1, 111.7, 108.7, 79.3, 55.5, 52.4, 52.4, 52.3, 34.0, 32.0,
30.7, 28.4, 27.7, 15.1. HRMS (ESI): m/z calc. for C,sH;sN;NaO,S [M+Na]* 544.2088, found
544.2095.



Methyl (S)-2-((S)-2-((tert-butoxycarbonyl)amino)-3-methylbutanamido)-3-(2-(2-(((1S,2R, 55)-2-
isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-indol-3-yl) propanoate

Compound 4b was prepared according to general

(0] 0]
H
>I\OJ\"I(NJLO/ procedure D, Boc-Val-Trp-OMe (82 mg, 0.30 mmol) and
MP:H o :
p 0]

(1S,2R,5S)-2-isopropyl-5-methylcyclohexyl 2-

bromoacetate (28 mg, 0.10 mmol). Flash column
e chromatography purification (CH,Cly EtOAc 9:1)
Me afforded compound 4b (45 mg, 73%) as a yellow solid. '"H
NMR (400 MHz, CDCl;) & 8.70 (s, 1H), 7.50 (d, J = 7.8
Hz, 1H), 7.30 (d, /= 7.9 Hz, 1H), 7.15 (t, /= 7.5 Hz, 1H), 7.10 (t, J= 7.4 Hz, 1H), 6.83 (m, 1H),
5.08 (d, /J=8.6 Hz, 1H), 4.84 (q, /= 6.6 Hz, 1H), 4.76 (td, /= 10.9, 4.4 Hz, 1H), 4.02 — 3.90 (m,
1H), 3.76 (s, 2H), 3.62 (s, 3H), 3.23 (d, J = 5.7 Hz, 2H), 2.02-2.10 (m, 1H), 1.95-2.01 (m, 2H),
1.85 —-1.75 (m, 1H), 1.68 (d, J = 10.9 Hz, 2H), 1.41 (s, 9H), 1.01 (m, 2H), 0.88 (m, 11H), 0.78
(d, J=6.4 Hz, 3H), 0.73 (d, J = 6.9 Hz, 3H)."3C NMR (100 MHz, CDCl;) 6 172.4, 171.7, 170.7,
155.8, 135.8, 128.8, 128.1, 122.3, 119.9, 118.5, 111.1, 107.7, 79.6, 76.0, 59.4, 53.0, 52.4, 47.1,
40.9,34.2,32.1,31.5,31.0,29.8,28.4,27.0,26.4,23.5,22.1,20.9, 19.3, 17.3, 16.4. HRMS (ESI):
m/z calc. for C34Hs,N;0; [M+H]* 614.3800, found 614.3804.

Me

Methyl  (S)-2-((S)-2-((tert-butoxycarbonyl)amino)-4-methylpentanamido)-3-(2-(2-(((1S,2R, 5S)-
2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-indol-3-yl)propanoate

Compound 4¢ was prepared according to general procedure
>L j\ Hj ~ D, Boc-Leu-Trp-OMe (86 mg, 0.20 mmol) and (1S,2R,55)-
O N -0
md o °
g 0

2-isopropyl-5-methylcyclohexyl 2-bromoacetate (28 mg,

0.10 mmol). Flash column chromatography purification

(CH,Cl,/ EtOACc 8:2) afforded compound 4¢ (33 mg, 53%)
"0 as a yellow solid. '"H NMR (400 MHz, CDCls) 8 8.71 (s,
Me Me 1H), 7.49 (d,J=7.9 Hz, 1H), 7.30 (d, /J=7.9 Hz, 1H), 7.15
(t,J=7.5Hz, 1H), 7.09 (t, J=7.4 Hz, 1H), 6.99 (d, J=7.6 Hz, 1H), 6.88 (s, 1H), 4.85 (q, /= 6.4
Hz, 1H), 4.76 (td, J=11.0, 4.4 Hz, 1H), 4.11 (s, 1H), 3.77 (s, 2H), 3.62 (s, 3H), 3.24 (d, /= 5.6
Hz, 2H), 1.99 (d, J=11.8 Hz, 2H), 1.89 — 1.74 (m, 2H), 1.68 (d, /= 10.8 Hz, 2H), 1.57-1.63 (m,
1H), 1.35-1.48 (m, 3H), 1.38 (s, 9H), 1.09 — 0.93 (m, 2H), 0.88 (m, 14H), 0.74 (t, J = 6.2 Hz,
3H).3C NMR (100 MHz, CDCl3) 6 172.7, 172.4, 170.7, 155.5, 135.7, 128.8, 128.3, 122.2, 119.8,
118.5, 111.1, 107.7, 79.9, 76.0, 53.0, 52.5, 47.1, 41.8, 40.9, 34.2, 32.1, 31.5, 28.4, 27.1, 26.4,
24.8, 23.5, 23.2, 22.1, 21.9, 20.9, 16.4. HRMS (ESI): m/z calc. for C;5:Hs4N;0; [M+H]*
628.3956, found 628.3955.




Methyl (S)-2-((S)-2-((tert-butoxycarbonyl)amino)-3-phenylpropanamido)-3-(2-(2-(((1S,2R,5S)-
2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-

indol-3-yl)propanoate
o o Compound 4d was prepared according to general
H
procedure D, Boc-Phe-Trp-OMe (132 mg, 0.20 mmol)
Sl N
mdl o
o

and (1S,2R,5S5)-2-isopropyl-5-methylcyclohexyl — 2-

o

bromoacetate (28 mg, 0.10 mmol). Flash column

"o chromatography purification (CH,Cl,/ EtOAc 9:1)
afforded compound 4d (36 mg, 55%) as a pale yellow

Me Me liquid. "H NMR (400 MHz, CDCl;) 8 8.66 (s, 1H), 7.23
(d,J=8.1 Hz, 1H), 7.20 - 7.15 (m, 2H), 7.13 (d, /= 6.4 Hz, 1H), 7.11 — 7.03 (m, 4H), 6.98 (d, J
=7.1 Hz, 1H), 6.56 (s, 1H), 4.88 (d, /= 7.8 Hz, 1H), 4.76 (q, /= 6.5 Hz, 1H), 4.69 (td, J=11.1,
4.4 Hz, 1H), 4.27 (m, 1H), 3.65 (s, 2H), 3.52 (s, 3H), 3.12 (m, 2H), 2.98 (m, 2H), 1.91 (d, J =
11.8 Hz, 1H), 1.73 (m, 1H), 1.61 (d, /= 11.0 Hz, 2H), 1.36 (m, 1H), 1.26 (s, 9H), 0.95 (m, 2H),
0.79 (m, 8H), 0.67 (t,J= 6.7 Hz, 3H). 3C NMR (100 MHz, CDCl;) 6 172.1, 171.2, 170.6, 155.2,
136.9, 135.7, 129.5, 128.8, 128.6, 128.2, 126.9, 122.3, 119.9, 1184, 111.1, 107.5, 80.0, 75.9,
55.6,53.0,52.5,47.1,40.9, 38.7, 34.2,32.0, 31.5, 28.3, 27.1, 26.4, 23.5, 22.1, 20.9, 16.4. HRMS

(ESI): m/z calc. for C38H52N307 [M‘FI‘I]Jr 6623800, found 662.3798.

Methyl  (S)-2-(2-((tert-butoxycarbonyl)amino)acetamido)-3-(2-(2-(((1R,2S,5R)-2-isopropy!-5-
methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-indol-3-yl)propanoate

Compound 4e was prepared according to general

o (o]
>‘\OJ\N /\H/H \)LO — procedure D, Boc-Gly-Trp-OMe (76 mg, 0.20 mmol) and
v o : (1S,2R,5S)-2-isopropyl-5-methylcyclohexyl 2-

o | bromoacetate (28 mg, 0.10 mmol). Flash column
NH
fo) chromatography purification (CH,Cl,/ EtOAc 8:2)
B 0
e ~Me afforded compound 4e (15 mg, 26%) as a pale brown

amorphous solid. '"H NMR (400 MHz, CDCl;) 6 8.74 (s,
1H), 7.46 (d, J= 7.9 Hz, 1H), 7.31 (d, J= 8.0 Hz, 1H), 7.15 (t, /= 7.5 Hz, 1H), 7.09 (t, /= 7.4
Hz, 1H), 6.74 (d, J= 7.1 Hz, 1H), 5.07 (s, 1H), 4.86 (q, /= 6.4 Hz, 1H), 4.76 (td, J=11.1, 4.5
Hz, 1H), 3.73-3.77 (m, 4H), 3.66 (s, 3H), 3.34 — 3.20 (m, 2H), 1.97 (d, J = 12.3 Hz, 1H), 1.74-
1.83 (m, 1H), 1.69 (d, J = 12.5 Hz, 2H), 1.53 — 1.32 (m, 1H), 1.40 (s, 9H), 1.15 — 0.94 (m, 2H),
0.89 (m, 8H), 0.73 (d, J= 7.0 Hz, 3H).13C NMR (100 MHz, CDCl;) 4 172.2, 170.4, 169.3, 155.8,
135.6, 128.7, 128.0, 122.2, 119.8, 118.2, 111.0, 107.3, 80.0, 75.9, 52.9, 52.5, 47.0, 44.0, 40.8,
34.1,32.0, 31.0, 28.3, 26.8, 26.3, 23.3, 22.0, 20.8, 16.3. HRMS (ESI): m/z calc. for C3;H4N;0;
[M+H]* 572.3330, found 572.3331.



Methyl ((S)-2-((S)-2-((tert-butoxycarbonyl)amino)-3-phenylpropanamido)-3-(2-(2-(((1S,2R, 5S)-
2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-indol-3-yl)propanoyl)-L-alaninate

| Compound 4f was prepared according to general procedure
0._0O

D, Boc-Phe-Trp-Ala-OMe (108 mg, 0.20 mmol) and
(18,2R,5S)-2-isopropyl-5-methylcyclohexyl 2-
bromoacetate (28 mg, 0.10 mmol). Flash column
chromatography purification (EtOAc/ Hexane 1:1)
afforded compound 4f (28 mg, 38%) as a yellow solid. '"H
NMR (400 MHz, CDCls) & 8.70 (s, 1H), 7.34 — 7.24 (m,
4H), 7.21 - 7.07 (m, 4H), 6.99 (d, J= 8.5 Hz, 1H), 6.75 (d,
J=17.4 Hz, 1H), 6.47 (s, 1H), 4.83 —4.71 (m, 2H), 4.66 (d,
J=15.1 Hz, 1H), 4.36 — 4.24 (m, 2H), 3.81 (d, J = 3.7 Hz, 2H), 3.59 (s, 3H), 3.15 — 2.88 (m, 4H),
2.02-1.94 (m, 1H), 1.87 (dt,J=7.0, 3.5 Hz, 1H), 1.72 — 1.63 (m, 2H), 1.53 — 1.40 (m, 1H), 1.27
—1.14 (m, 12H), 1.10 — 0.96 (m, 2H), 0.95 — 0.83 (m, 8H), 0.75 (d, J = 7.0 Hz, 3H). 3C NMR
(100 MHz, CDCl3) 6 172.4,171.0, 171.0, 170.6, 155.5, 136.5, 135.8, 129.5, 129.2, 128.9, 128.2,
127.4,122.2,120.0, 118.3, 111.1, 107.8, 80.4, 75.8, 55.9, 53.8, 52.4, 48.4,47.1,41.0, 38.0, 34.3,
31.9, 31.6,28.4,28.1,26.3, 23.4,22.1, 20.9, 18.1, 16.4; HRMS (ESI): m/z calc. for C4Hs;N4Os
[M+H]* 733.4171, found 733.4170.

Methyl ((S)-2-((S)-2-((tert-butoxycarbonyl)amino)propanamido)-3-(2-(2-(((1S,2R,5S)-2-
isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-indol-3-yl)propanoyl)-L-leucinate

| Compound 4¢g was prepared according to general D, Boc-
Oj/o Ala-Trp-Leu-OMe (100 mg, 0.20 mmol) and (1S,2R,5S5)-
/ )\ 2-isopropyl-5-methylcyclohexyl 2-bromoacetate (28 mg,

0.10 mmol). Flash column chromatography purification

Me (EtOAc/ Hexane 1:1) afforded compound 4g (41 mg,
% 59%) as a brown amorphous solid. '"H NMR (400 MHz,
CDCl3) 6 8.69 (s, 1H), 7.51 (d, /= 7.8 Hz, 1H), 7.24 (d, J

me” ~Me =8.0 Hz, 1H), 7.08 (t,J= 7.5 Hz, 1H), 7.01 (t, J=7.4 Hz,

1H), 6.93 (d, J="7.1 Hz, 1H), 6.35 (d, J= 7.1Hz, 1H), 4.89
(d,J=5.7 Hz, 1H), 4.70 (dd, J= 10.9, 5.4 Hz, 1H), 4.70 (q, J = 6.4 Hz, 1H), 4.38 — 4.24 (m, 1H),
4.05 (t, J= 7.2 Hz, 1H), 3.79 (q, J = 17.2 Hz, 2H), 3.48 (s, 3H), 3.24 (dd, J = 14.2, 5.0 Hz, 1H),
3.03 (dd, J= 14.2, 8.3 Hz, 1H), 1.90 (d, J= 12.1 Hz, 1H), 1.82 — 1.72 (m, 1H), 1.62 (d, J=11.3
Hz, 2H), 1.38 (m, 4H), 1.29 (s, 9H), 1.21 (d, J= 7.0 Hz, 3H), 0.95 (m, 2H), 0.82 (m, 8H), 0.75 (1,
J=5.9 Hz, 6H), 0.66 (d, J = 6.9 Hz, 3H).3C NMR (100 MHz, CDCL;) & 172.6, 172.4, 171.1,
170.1, 155.4, 135.8, 129.1, 128.1, 122.2, 119.9, 118.5, 111.0, 108.1, 80.1, 75.8, 53.7, 52.2, 51.0,



50.5,47.1,41.5, 40.9, 34.2, 32.0, 31.5, 28.3, 26.8, 26.3, 24.7, 23.4, 22.7, 22.1, 20.9, 18.6, 16.3;
HRMS (ESI): m/z calc. for C33HsoN4Og [M+H]" 699.4327, found 699.4330.

Methyl (68S,9S,12S)-9-isopropyl-12-((2-(2-(((1S,2R,5S)-2-isopropyl-5-methylcyclohexyl)oxy)-2-
oxoethyl)-1H-indol-3-yl)methyl)-2,2,6-trimethyl-4,7, 10-trioxo-3-oxa-5,8, 1 I -triazatridecan-13-

oate
o o Compound 4h was prepared according to general
O\H/H \)J\N H vgo procedure D, Boc-Ala-Val-Trp-OMe (98 mg, 0.20
>( : mH : mmol) and (15,2R,5S)-2-isopropyl-5-

methylcyclohexyl 2-bromoacetate (28 mg, 0.10

&20e) mmol). Flash column chromatography purification

Me (EtOAc/ Hexane 1:1) afforded compound 4h (37
Me

mg, 54%) as a brown amorphous solid. 'H NMR
(400 MHz, CDCl3) 6 8.63 (s, 1H), 7.50 (d, J= 7.8 Hz, 1H), 7.30 (d, /= 7.9 Hz, 1H), 7.15 (t, J =
7.4 Hz, 1H), 7.09 (t, J= 7.4 Hz, 1H), 6.95 (s, 1H), 6.62 (d, /= 7.7 Hz, 1H), 5.06 (s, 1H), 4.84 (q,
J=06.6 Hz, 1H), 4.77 (td, /= 10.9, 4.4 Hz, 1H), 4.31 (dd, J = 8.7, 5.6 Hz, 1H), 4.16 — 4.07 (m,
1H), 3.83 — 3.67 (m, 2H), 3.63 (s, 3H), 3.24 (m), 2.12 (m, 1H), 2.03 — 1.96 (m, 1H), 1.89 — 1.76
(m, 1H), 1.68 (d, J=11.3 Hz, 2H), 1.53 — 1.46 (m, 1H), 1.44 —1.39 (m, 9H), 1.26 (d, J= 7.0 Hz,
3H), 1.03 (m, 2H), 0.93 — 0.81 (m, 14H), 0.73 (d, J = 6.9 Hz, 3H).13C NMR (100 MHz, CDCl;)
6 172.5,172.3,171.1, 170.8, 155.5, 135.8, 128.8, 128.0, 122.4, 120.0, 118.5, 111.1, 107.7, 80.1,
76.2,57.8, 52.0, 52.5, 50.2, 47.1, 40.9, 34.2, 32.2, 31.5, 29.8, 28.4, 27.0, 26.4, 23.5, 22.1, 20.9,
19.3, 18.3, 17.5, 16.4; HRMS (ESI): m/z calc. for C;;Hs;N4,Og [M+H]* 685.4171, found
685.4165.

Methyl  (6S,125)-12-((2-(2-(((1S,2R, 5S)-2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-
indol-3-yl)methyl)-2,2,6-trimethyl-4,7, 1 0-trioxo-3-oxa-5,8, 1 I-triazatridecan-13-oate

Compound 4i was prepared according to general
procedure D, Boc-Ala-Gly-Trp-OMe (90 mg, 0.20
mmol) and (18,2R,55)-2-isopropyl-5-

H (0]
XOT,QL
O ° Me
methylcyclohexyl 2-bromoacetate (28 mg, 0.10

mmol). Flash column chromatography

Me purification (EtOAc/ Hexane 1:1) afforded

compound 4i (41 mg, 64%) as a brown amorphous
solid. '"H NMR (400 MHz, CDCl;) 6 8.77 (s, 1H), 7.50 (d, /= 7.9 Hz, 1H), 7.30 (d, J = 7.8 Hz,
1H), 7.15 (t, J= 7.5 Hz, 1H), 7.08 (t, /= 7.4 Hz, 1H), 6.97 (d, /= 7.4 Hz, 1H), 6.54 (d, /= 6.5
Hz, 1H), 5.06 (s, 1H), 4.84 (q, /J=7.2 Hz, 1H), 4.77 (td, J=10.9, 4.4 Hz, 1H), 4.45 (m, 1H), 3.76
(d, J=4.8 Hz, 2H), 3.73 — 3.69 (m, 1H), 3.67 (s, 3H), 3.60 (m, 1H), 3.24 (m, 2H), 1.97 (d, J =



11.8 Hz, 1H), 1.85 — 1.74 (m, 1H), 1.68 (d, J = 11.8 Hz, 2H), 1.44 (s, 9H), 1.42-1.37 (m, 1H),
1.27 (d, J="7.0 Hz, 3H), 1.11-0.94 (m, 2H), 0.89 (m, 8H), 0.74 (d, J = 6.9 Hz, 3H). *C NMR (100
MHz, CDCLy) § 172.2, 172.0, 170.6, 168.9, 157.4, 135.6, 128.8, 128.0, 122.1, 120.4, 118.4, 111.0,
107.6, 80.2, 76.0, 52.8, 52.5, 48.4, 47.1, 40.8, 34.1, 32.1, 31.4, 28.3, 26.7, 26.3, 24.2, 23.3, 22.0,
20.8, 18.3, 16.3. HRMS (ESI): m/z calc. for C5,HsN,Og [M+H]* 643.3701, found 643.3699.

Methyl ((S)-2-((tert-butoxycarbonyl)amino)-3-(2-(2-(((1S,2R,5S)-2-isopropyl-5-
methylcyclohexyl)oxy)-2-oxoethyl)-1 H-indol-3-yl)propanoyl)-L-alanyl-L-phenylalaninate

>L Compound 4j was prepared according to

(0] general procedure D, Boc-Trp-Ala-Phe-

O)\NH o OMe (108 mg, 0.20 mmol) and
O (18,2R,55)-2-isopropyl-5-

H
N N
Me v Kr( %H
Me — / o = (O NQ methylcyclohexyl 2-bromoacetate (28 mg,
= 0
Q 5 HN 0.10 mmol). Flash column
Me

chromatography purification (EtOAc/
Hexane 1:1) afforded compound 4j (52
mg, 71%) as a brown amorphous solid. '"H NMR (400 MHz, CDCls) 4 8.66 (s, 1H), 7.48 (d, J =
7.8 Hz, 1H), 7.31 — 7.13 (m, 4H), 7.06 (t, J = 7.5 Hz, 1H), 6.99 (m, 3H), 6.97 (m, 2H), 5.27 (s,
1H), 4.68 (td, J = 10.7, 4.1 Hz, 1H), 4.62 (q, J = 7.3 Hz, 1H), 4.36-4.27 (m, 1H), 4.25-4.16 (m,
1H), 3.73 (m, 2H), 3.61 (s, 3H), 3.22-3.01 (m, 2H), 3.00-2.83 (m, 2H), 1.95-1.90 (m, 1H), 1.80 —
1.70 (m, 1H), 1.61 (d, J=11.4 Hz, 2H), 1.44 — 1.35 (m, 1H), 1.33 (s, 9H), 1.05 (d, J= 7.0 Hz,
3H), 0.89-1.00 (m, 2H), 0.81 (m, 8H), 0.65 (d, /= 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl;) &
171.8, 171.7, 171.3, 170.7, 155.6, 136.0, 135.8, 129.3, 129.0, 128.7, 128.1, 127.2, 122.2, 119.9,
118.6, 111.0, 108.1, 80.2, 75.8, 60.5, 53.5, 52.4, 49.0, 47.1, 40.9, 37.9, 34.2, 32.0, 31.5, 28.4,
26.3, 23.4, 22.1, 20.9, 18.0, 16.3, 14.3; HRMS (ESI): m/z calc. for C4Hs;N,Og [M+H]"
733.4171, found 733.4170.




Methyl ((S)-2-((S)-2-((S)-2-((tert-butoxycarbonyl)amino)-4-methylpentanamido)-3-
phenylpropanamido)-3-(2-(2-(((1S,2R,5S)-2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-
indol-3-yl)propanoyl)-L-alaninate

Compound 4k was prepared according to general
procedure D, Boc-Leu-Phe-Trp-Ala-OMe (169
mg, 0.20 mmol) and (1S,2R,5S)-2-isopropyl-5-
methylcyclohexyl 2-bromoacetate (28 mg, 0.10
mmol). Flash column chromatography purification
(EtOAc/ Hexane 1:1) afforded compound 4k (55
mg, 65%) as an yellow solid. 'H NMR (400 MHz,
CDClL;) 6 8.66 (s, 1H), 7.35 (d, J = 7.7 Hz, 1H),
7.28 —7.12 (m, 5H), 7.09 — 7.03 (m, 1H), 6.98 (t, J
=7.4 Hz, 1H), 6.76 (d, /= 7.4 Hz, 1H), 6.65 (d, J

= 6.4 Hz, 1H), 6.42 (d, J= 5.2 Hz, 1H), 4.76 — 4.62 (m, 2H), 4.55 (m, 2H), 4.30 — 4.18 (m, 2H),
3.72 (m, 1H), 3.51 (s, 3H), 3.15 - 2.97 (m, 2H), 2.96 — 2.74 (m, 2H), 1.91 (m, 2H), 1.77 (m, 1H),
1.61 (d,J=11.3 Hz, 2H), 1.37 (s, 9H), 1.34 — 1.25 (m, 1H), 1.20 — 1.12 (m, 5H), 1.05 — 0.89 (m,
2H), 0.83-0.80 (m, 8H), 0.77 (dd, J= 9.7, 6.6 Hz, 6H), 0.65 (d, J = 6.7 Hz, 3H). 3C NMR (100
MHz, CDCl3) § 172.7,172.5, 171.0, 170.5, 170.4, 155.9, 136.5, 135.8, 129.4, 129.0, 128.9, 128.7,
128.2,127.2,122.1,119.8, 118.5, 111.0, 108.2, 80.4, 75.8, 54.5, 53.7, 53.3, 52.4, 48.3, 47.1, 40.9,
38.1,34.2,31.9,31.5,28.5, 28.1, 27.0, 26.3, 24.8, 23.4, 23.1, 22.1, 21.9, 20.9, 18.1, 16.4. HRMS
(ESI): m/z calc. for C47HgsNsOo [M+H]* 846.5012, found 846.5003.

Methyl  (S)-2-((S)-2-((tert-butoxycarbonyl)amino)-3-(4-hydroxyphenyl)propanamido)-3-(2-(2-
(((1S,2R,5S)-2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-indol-3-yl) propanoate

Compound 41 was prepared according to general procedure
D, Boc-Tyr-Trp-OMe (136 mg, 0.20 mmol) and
(1S,2R,5S)-2-isopropyl-5-methylcyclohexyl 2-
bromoacetate (28 mg, 0.10 mmol). Flash column

(0]

chromatography purification (CH,Cly/ EtOAc 8:2)
afforded compound 41 (37 mg, 55%) as a pale yellow
liquid. '"H NMR (400 MHz, CDCl3) 6 8.78 (s, 1H), 7.35 (d,

me’  Me J=6.7Hz, 1H), 7.29 (d, J= 8.0 Hz, 1H), 7.14 (t, J= 7.5

Hz, 1H), 7.06 (m, 1H), 6.92 (d, J= 6.8 Hz, 2H), 6.62 (m, 3H), 5.07 (d, J = 7.7 Hz, 1H), 4.88 —
4.64 (m, 2H), 4.29 (m, 1H), 3.69 (s, 2H), 3.59 (s, 3H), 3.19 (s, 2H), 2.86 — 2.69 (m, 2H), 1.94-
1.86 (m, 1H), 1.84 — 1.73 (m, 1H), 1.67 (d, J = 11.2 Hz, 2H), 1.48 — 1.39 (m, 1H), 1.36 (s, 9H),
1.11 - 0.93 (m, 2H), 0.94 — 0.76 (m, 8H), 0.71 (d, J = 6.8 Hz, 3H). *C NMR (100 MHz, CDCl,)
§172.1,171.5,170.7, 155.4,155.2, 135.7, 130.5, 128.8, 128.2, 128.1, 122.3, 119.9, 118.4, 115.6,



111.1,107.4, 80.2, 76.0, 55.9, 53.0, 52.6, 47.1, 40.9, 37.9, 34.2, 32.0, 31.5, 28.4,27.0, 26.4, 23 .4,
22.1,20.9, 16.4. HRMS (ESI): m/z calc. for C3gH5,N;O05 [M+H]* 678.3749, found 678.3746.

Methyl (S)-2-((2S, 3R)-2-((tert-butoxycarbonyl)amino)-3-hydroxybutanamido)-3-(2-(2-
(((1S,2R,5S)-2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-indol-3-yl) propanoate

Compound 4m was prepared according to general

HO,
o - o]
H dure D, Boc-Thr-Trp-OMe (82 mg, 0.20 mmol) and
procedure D, Boc p g,
>LOJLN,§N:J0/
mdl o =
g (o}

(18,2R,55)-2-isopropyl-5-methylcyclohexyl 2-

bromoacetate (28 mg, 0.10 mmol). Flash column
o chromatography purification (CH,Cl,/ EtOAc 8:2) afforded
compound 4m (32 mg, 51%) as a pale brown amorphous

Me Me solid. '"H NMR (400 MHz, CDCl;) 6 8.74 (s, 1H), 7.50 (d,
J=7.8Hz, 1H), 7.31 (d,J=8.0 Hz, 1H), 7.19 - 7.13 (m, 2H), 7.10 (t, J= 7.4 Hz, 1H), 5.35 (d, J
=7.7Hz, 1H), 4.84 (q, /= 6.5 Hz, 1H), 4.76 (td, /= 10.8, 4.3 Hz, 1H), 4.30 - 4.20 (m, 1H), 4.06
(d,J=7.7 Hz, 1H), 3.77 (s, 2H), 3.66 (s, 3H), 3.24 (m, 2H), 1.99 (d, /= 12.2 Hz, IH), 1.86 - 1.73
(m, 1H), 1.68 (d, /= 11.0 Hz, 2H), 1.51 — 1.45 (m, 1H), 1.40 (s, 9H), 1.11 (d, J = 6.4 Hz, 3H),
1.09 — 0.96 (m, 2H), 0.88 (dd, J = 10.0, 6.8 Hz, 8H), 0.73 (d, J = 6.9 Hz, 3H).13C NMR (100
MHz, CDCl3) 6 172.4,171.3,170.6, 156.2, 135.7, 128.8, 128.1, 122.3,119.9, 118.4, 111.1, 107.5,
80.2, 76.0, 67.5, 58.5, 53.1, 52.6, 47.1, 40.9, 34.2, 32.1, 31.5, 28.4, 26.9, 26.4, 23.5, 22.1, 20.9,

18.3, 16.4. HRMS (ESI): m/z calc. for C;3HsoN;O5 [M+H]* 616.3592, found 616.3593.

Methyl (68S,9S)-6-(hydroxymethyl)-9-((2-(2-(((1S,2R, 5S)-2-isopropy!-5-methylcyclohexyl)oxy)-2-
oxoethyl)-1H-indol-3-yl)methyl)-2, 2-dimethyl-4,7, 1 0-trioxo-3-oxa-5,8, 1 I-triazatridecan-13-oate

Compound 4n was prepared according to general
procedure D, Boc-Ser-Trp-Gly-OMe (92 mg, 0.20 mmol)
and (1S8,2R,55)-2-isopropyl-5-methylcyclohexyl 2-
bromoacetate (28 mg, 0.10 mmol). Flash column
chromatography purification (EtOAc/ Hexane 1:1)
afforded compound 4n (34 mg, 51%) as a brown
amorphous solid. '"H NMR (400 MHz, CDCls) & 8.68 (s,
1H), 7.57 (d,J=7.7 Hz, 1H), 7.31 (d, /= 7.9 Hz, 1H), 7.21
(d,J=7.5Hz, 1H), 7.15 (t,J=7.5Hz, 1H), 7.09 (t, J=7.4
Hz, 1H), 6.83 (s, 1H), 5.42 (d,J=5.3 Hz, 1H), 4.81 —4.72 (m, 2H), 4.14 (d, /= 3.5 Hz, 1H), 3.91
(m, 2H), 3.83 (d, J=9.6 Hz, 1H), 3.75 (dd, /= 18.7, 6.1 Hz, 1H), 3.62 (s, 3H), 3.62 — 3.58 (m,
1H), 3.37 - 3.15 (m, 2H), 3.03 (s, 1H), 1.97 (d,J=11.9 Hz, 1H), 1.91 — 1.78 (m, 1H), 1.69 (d, J
=11.5 Hz, 2H), 1.56 — 1.44 (m, 1H), 1.36 (s, 9H), 1.12 — 0.93 (m, 2H), 0.94 — 0.82 (m, 8H), 0.74
(d, J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl;) ¢ 171.7, 171.2, 171.1, 170.1, 155.9, 135.8,

Me




129.2, 128.1, 122.4,120.0, 118.5, 111.1, 108.0, 80.4, 76.0, 63.3, 55.8, 53.8, 52.4,47.1, 41.4, 40.9,
34.2,32.1,31.5,28.3,27.0, 26.4, 23.4, 22.1, 20.9, 16.4; HRMS (ESI): m/z calc. for C,Hs;N,Oy
[M+H]* 659.3651, found 659.3649.

Methyl (685,985, 12S)-6-((R)-1-hydroxyethyl)-9-isopropyl-12-((2-(2-(((1S,2R,5S)-2-isopropyl-5-
methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-indol-3-yl)methyl)-2, 2-dimethyl-4, 7, 1 0-trioxo-3-oxa-

5,8,11-triazatridecan-13-oate

Compound 40 was prepared according to general
procedure D, Boc-Thr-Val-Trp-OMe (104 mg,
0.20 mmol) and (1S,2R,5S5)-2-isopropyl-5-
methylcyclohexyl 2-bromoacetate (28 mg, 0.10
mmol). Flash column chromatography purification
(CH,Cly/ EtOAc 8:2) afforded compound 40 (48
mg, 67%) as an yellow powder. '"H NMR (400
MHz, CDCl;) 6 8.58 (s, 1H), 7.44 (d, /= 7.9 Hz, 1H), 7.24 (d, J= 8.0 Hz, 1H), 7.09 (t, /= 7.5
Hz, 1H), 7.03 (m, 2H), 6.79 (d, /= 8.9 Hz, 1H), 5.40 (d, /= 8.0 Hz, 1H), 4.80 (dd, /= 13.3, 6.6
Hz, 1H), 4.70 (td, J=10.8, 4.3 Hz, 1H), 4.22 (dd, /= 8.7, 5.6 Hz, 1H), 4.07 (m, 1H), 3.95 (d, J =
7.9 Hz, 1H), 3.70 (s, 2H), 3.57 (s, 3H), 3.24 — 3.08 (m, 2H), 2.08 (m, 2H), 1.93 (d, /= 11.6 Hz,
1H), 1.74 (m, 1H), 1.62 (d, /= 10.9 Hz, 2H), 1.37 (s, 9H), 1.18 (m, 1H), 1.02 (d, /= 6.4 Hz, 3H),
0.98 — 0.88 (m, 2H), 0.82 (m, 11H), 0.75 (d, J= 6.7 Hz, 3H), 0.67 (d, J= 6.9 Hz, 3H).13C NMR
(101 MHz, CDCl;) 6 172.4,171.7, 171.1, 170.9, 156.3, 135.8, 128.8, 128.0, 122.4, 120.0, 118.5,
111.0,107.7,80.3, 76.2, 67.0, 58.2, 57.7, 52.9, 52.5,47.1, 40.9, 34.2, 32.2, 31.5, 30.9, 28.4, 26.9,
26.4,23.4,22.1, 209, 19.4, 18.2, 17.4, 16.4. HRMS (ESI): m/z calc. for C;3HsoN,O9 [M+H]"
715.4277, found 715.4275.

Methyl (6S,95)-6-(3-(benzyloxy)-3-oxopropyl)-9-((2-(2-(((1S,2R,5S)-2-isopropyl-5-
methylcyclohexyl)oxy)-2-oxoethyl)-1H-indol-3-yl)methyl)-2, 2-dimethyl-4, 7, 1 0-trioxo-3-oxa-

5,8,11-triazatridecan-13-oate

| Compound 4p was prepared according to general

CO,Bn Oj/o procedure D, Boc-Glu(OBn)-Trp-Gly-OMe (158 mg, 0.20

o HN mmol) and (15,2R,55)-2-isopropyl-5-methylcyclohexyl 2-
>‘\0 J\N § _ bromoacetate (28 mg, 0.10 mmol). Preparative HPLC
M eH isolation (H,O0:MeOH:MeCN/60:30:10) afforded
' compound 4p (50 mg, 50%) as a light brown liquid. 'H
NMR (400 MHz, CDCl;) 6 8.63 (s, 1H), 7.49 (d, J=17.5
y Me Hz, 1H), 7.30—7.22 (m, 5H), 7.20 (d, /= 8.2 Hz, 1H), 7.11
€

—6.97 (m, 3H), 6.59 (s, 1H), 5.23 (d, J=3.7 Hz, 1H), 5.03



(s, 2H), 4.73 — 4.62 (m, 2H), 4.00 (q, J = 6.5 Hz, 1H), 3.84 — 3.80 (m, 2H), 3.66 — 3.59 (m, 1H),
3.53 (s, 3H), 3.27 — 3.04 (m, 2H), 2.28 (t, /= 7.2 Hz, 2H), 2.02 — 1.87 (m, 2H), 1.84 — 1.74 (m,
2H), 1.61 (d, J=11.4 Hz, 2H), 1.45 - 1.30 (m, 1H), 1.26 (s, 9H), 1.05 —0.87 (m, 2H), 0.88 — 0.74
(m, 8H), 0.66 (d, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl;) § 173.2, 171.5, 171.4, 171.1,
169.6, 155.8, 135.8, 135.7, 129.2, 128.7, 128.4, 128.4, 128.1, 122.2, 120.0, 118.4, 111.1, 108.0,
80.3, 75.8, 66.7, 54.6, 53.6, 52.2, 47.1, 41.3, 40.9, 34.2, 31.9, 31.5, 30.5, 28.3, 27.0, 26.3, 23.4,
22.1,20.9,16.3. HRMS (ESI): m/z calc. for C3oHs5;NsNaO,; [M+Na]* 788.3477, found 788.3480.

Methyl (6S,9S,12R,15S)-6-(4-hydroxybenzyl)-12-isopropyl-15-((2-(2-(((1S,2R, 5S)-2-isopropyl-
S-methylcyclohexyl)oxy)-2-oxoethyl)-1 H-indol-3-yl)methyl)-2,2,9-trimethyl-4,7,10, 1 3-tetraoxo-

3-oxa-5,8,11, 14-tetraazahexadecan-16-oate

Compound 4q was prepared according to
general procedure D, Boc-Tyr-Ala-Val-
Trp-OMe (130 mg, 0.20 mmol) and
(18,2R,5S)-2-isopropyl-5-
methylcyclohexyl 2-bromoacetate (28
mg, 0.10 mmol). Flash column
chromatography purification
(EtOAc/Hexane 1:1) afforded compound
4q (37 mg, 44%) as a yellow solid. '"H
NMR (400 MHz, CDCl;) 6 8.72 (s, 1H), 7.52 - 7.44 (m, 2H), 7.29 (d, J = 8.0 Hz, 1H),
7.14 (t,J=17.0 Hz, 1H), 7.07 (t, /= 7.1 Hz, 1H), 6.96 (m, 3H), 6.69 (d, J = 8.4 Hz, 2H), 6.63 (d,
J=28.3 Hz, 1H), 5.14 (d, J="7.6 Hz, 1H), 4.85 (q, /= 6.8 Hz, 1H), 4.75 (td, /= 10.9, 4.3 Hz, 1H),
4.35(t,J=6.8 Hz, 1H), 4.31 —4.26 (m, 2H), 3.74 (s, 2H), 3.64 (s, 3H), 3.31 — 3.15 (m, 2H), 2.93
(d,J=6.3 Hz, 2H), 2.09 (m, 1H), 1.97 (d, /= 11.7 Hz, 1H), 1.83 — 1.74 (m, 1H), 1.67 (d,J=11.2
Hz, 2H), 1.48 (m, 1H), 1.40 (s, 9H), 1.18 (d, /= 7.0 Hz, 3H), 1.00 (m, 2H), 0.92 — 0.79 (m, 14H),
0.71 (d, /= 6.9 Hz, 3H). BC NMR (101 MHz, CDCl;) 6 172.4,172.0, 171.5,171.2,170.9, 157.7,
155.5, 136.9, 135.8, 130.5, 128.8, 128.0, 127.8, 122.4, 120.5, 120.0, 118.5, 115.9, 111.1, 107.7,
80.4, 76.2, 58.2, 56.0, 53.0, 52.5, 49.3, 47.1, 40.9, 37.7, 34.2, 32.3, 31.5, 28.4, 26.9, 26.4, 24.4,
23.5, 22.1, 20.9, 19.3, 184, 17.8, 16.4; HRMS (ESI): m/z calc. for CyHgNsOjo [M+H]*
848.4804, found 848.4801.




(6S,128)-6-isopropyl-12-((2-(2-(((1S,2R,55)-2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)-
1H-indol-3-yl)methyl)-2, 2-dimethyl-4,7, 10-trioxo-3-oxa-5,8, 1 I-triazatridecan- 1 3-oic acid

H o H OH Compound 4r was prepared according to general
(0] N\)J\NWN\}O procedure D, Boc-Val-Ala-Trp-OH (131 mg, 0.20

\ﬂ/ H H z Py "

0 _~_ lo) mmol) and (1S,2R,55)-2-isopropyl-5
methylcyclohexyl 2-bromoacetate (28 mg, 0.10

mmol). Flash column chromatography purification

(o] (EtOAc/ Hexane 1:1) afforded compound 4r (46

Me
M )//:.O\ mg, 70%) as a yellow powder. '"H NMR (400
e
MHz, CDCL;) & 8.76 (s, 1H), 7.41 (d, J = 7.8 Hz,

1H), 7.22 (d, J = 8.0 Hz, 1H), 7.07 (t, J = 7.4 Hz, 1H), 7.00 (t, J = 7.3 Hz, 1H), 6.90 (d, J = 7.4
Hz, 1H), 6.71 (s, 1H), 5.04 (d, J = 6.2 Hz, 1H), 4.82 — 4.62 (m, 2H), 4.08 — 3.93 (m, 1H), 3.86
3.69 (m, 2H), 3.68 (s, 2H), 3.24 — 3.08 (m, 2H), 1.90 (d, J = 11.9 Hz, 1H), 1.80 — 1.68 (m, 1H),
1.61 (d,J=11.6 Hz, 2H), 1.48 — 1.40 (m, 1H), 1.36 (s, 9H), 1.19 (d, J = 6.5 Hz, 3H), 1.07 (t, J =
7.1 Hz,3H), 1.03 — 0.88 (m, 3H), 0.86 — 0.74 (m, 8H), 0.66 (d, J = 6.9 Hz, 3H). *C NMR (101
MHz, CDCLy) & = 173.0, 171.9, 170.7, 168.7, 155.6, 135.7, 128.8, 128.1, 122.2, 119.8, 118.4,
111.1, 107.6, 80.2, 75.9, 61.7, 53.1, 47.1, 42.7, 40.9, 34.2, 32.1, 31.5, 28.4, 27.0, 26.8, 26.4, 23 .4,
22.1, 20.9, 18.6, 16.4, 14.0. HRMS (ESI): m/z calc. for C3sHs;N,Og [M+H]+ 657.3858, found
657.3853.

((S)-2-((S)-2-((tert-butoxycarbonyl)amino)propanamido)-3-(2-(2-(((1S, 2R, 5S)-2-isopropyl-5-
methylcyclohexyl)oxy)-2-oxoethyl)- 1 H-indol-3-yl)propanoyl)-L-leucine

O. OH Compound 4s was prepared according to general
j/ )\ procedure D, Boc-Ala-Trp-Leu-OH (149 mg, 0.20 mmol)
and  (1S,2R,55)-2-isopropyl-5-methylcyclohexyl — 2-
bromoacetate (28 mg, 0.10 mmol). Flash column
chromatography purification (EtOAc/ Hexane 1:1)
afforded compound 4s (35 mg, 55%) as a yellow powder.
"H NMR (400 MHz, CDCl;) 6 8.48 (s, 1H), 7.70 (d, J =
Me Me 7.8 Hz, 1H), 7.36 (d, J= 8.0 Hz, 1H), 7.20 (t, /= 7.5 Hz,

1H), 7.14 (d, J= 7.5 Hz, 1H), 7.11 (t,J = 2.0 Hz, 1H), 6.97 (d, /= 7.6 Hz, 1H), 6.92 (d, J = 7.8
Hz, 1H), 6.47 (d, J= 7.8 Hz, 1H), 5.00 (d, /= 6.7 Hz, 1H), 4.80 — 4.73 (m, 2H), 4.69 — 4.43 (m,
3H), 4.22 — 4.07 (m, 1H), 3.40 — 3.15 (m, 2H), 2.05 — 1.95 (m, 1H), 1.95 - 1.79 (m, 1H), 1.74 —
1.55 (m, 3H), 1.58 — 1.39 (m, 3H), 1.37 (s, 9H), 1.35 — 1.23 (m, 4H), 1.10 — 0.92 (m, 3H), 0.93 —
0.86 (m, 12H), 0.77 (d, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl3) 6 = 172.6, 171.8, 171.1,
167.2, 155.5,136.3, 127.6, 123.8, 122.3, 119.8, 118.9, 111.4, 110.3, 80.3, 75.9, 61.2, 53.8, 50.9,




47.0,41.2,40.8, 34.2, 31.5, 28.3, 28.3, 27.9, 26.3, 24.6, 23.4, 22.9, 22.1, 21.8, 20.8, 18.4, 16.4,
14.3.

Methyl (S)-2-((S)-2-((S)-2-acetamido-4-methylpentanamido)-3-methylbutanamido)-3-(2-(2-
(((1S,2R, 5S)-2-isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl)- 1 -(pyrimidin-2-yl)- 1 H-indol-3-

yvl)propanoate
o Compound 4t was prepared according to general
W“ \)J\N procedure D, Ac-Leu-Val-Trp-OMe (149 mg, 0.20
: H mmol) and (1S,2R,55)-2-isopropyl-5-methylcyclohexyl

2-bromoacetate (28 mg, 0.10 mmol). Flash column
chromatography purification (EtOAc/ Hexane 1:1)
afforded compound 4t (40 mg, 54%) as a white powder.
'"H NMR (400 MHz, CDCl3) 6 8.66 (d, J= 4.8 Hz, 2H),
8.42 (d, J=8.3 Hz, 1H), 7.76 (d, J = 4.9 Hz, 1H), 7.54
(d,J=7.7Hz, 1H), 7.25 (t, /= 7.7 Hz, 1H), 7.19 (t, J= 7.5 Hz, 1H), 7.08 (t,J=4.8 Hz, 1H), 6.50
(d,J=8.7 Hz, 1H), 6.09 (d, /= 8.3 Hz, 1H), 4.64 - 4.76 (m, 2H), 4.33 — 4.42 (m, 2H), 4.09 — 3.81
(m, 2H), 3.66 (s, 3H), 3.31 (dd, J = 14.5, 4.9 Hz, 1H), 3.00 (dd, J = 14.5, 10.0 Hz, 1H), 2.15 -
1.97 (m, 2H), 1.87 (s, 3H), 1.86 — 1.75 (m, 2H), 1.69 — 1.58 (m, 2H), 1.52 — 1.28 (m, SH), 1.06 —
0.90 (m, 2H), 0.88 — 0.81 (m, 9H), 0.74 — 0.79 (m, 9H), 0.70 (d, J = 6.9 Hz, 3H). ¥*C NMR (101
MHz, CDCl3) 6 172.6,172.0,171.7,169.9, 158.0, 157.9, 136.4, 130.6, 128.6, 124.34122.4, 118.5,
117.0, 115.1, 115.0, 75.9, 57.1, 52.9, 52.5, 51.9, 47.1, 42.0, 41.2, 34.4, 33.7, 32.6, 31.5, 26.9,
26.4, 24.8, 23.6, 23.3, 23.0, 22.3, 22.2, 20.9, 19.7, 16.7, 16.4. HRMS (ESI): m/z calc. for
C41H5oNgO7 [M+H]+ 747.4440, found 747.4439.

Methyl (6S,9S)-6-(3-(benzyloxy)-3-oxopropyl)-9-((2-(2-(((S)-1-methoxy-3-methyl-1-oxobutan-2-
yl)amino)-2-oxoethyl)-1H-indol-3-yl)methyl)-2,2-dimethyl-4,7, 1 0-trioxo-3-oxa-5,8, 1 I-triazatri

decan-13-oate

Compound 4u was prepared according to general procedure
D, Boc-Glu(OBn)-Trp-Gly-OMe (158 mg, 0.20 mmol) and
methyl (2-bromoacetyl)-L-valinate (25 mg, 0.10 mmol).
Preparative HPLC isolation (H,O:MeOH:MeCN/60:30:10)
afforded compound 4u (50 mg, 50%) as an light brown
3 liquid. "TH NMR (400 MHz, CDCl3) 6 9.13 (s, 1H), 7.50 (d,
/0\(\H J=17.6 Hz, 1H), 7.42 (d, /= 7.4, 1H), 7.37 — 7.31 (m, 5H),

o 7.10 (t, J = 7.4 Hz, 1H), 7.05 (t, /= 7.3 Hz, 1H), 6.76 (s,

1H), 5.40 (d, J = 6.4 Hz, 1H), 5.09 (s, 2H), 4.73 (q, J = 7.2 Hz, 1H), 4.51 (dd, J = 8.2, 5.3 Hz,
1H), 4.12 (q, J = 7.4 Hz, 1H), 3.83 (s, 2H), 3.69 (s, 3H), 3.60 (s, 3H), 3.48 (s, 2H), 3.32 - 3.16
(m, 2H), 2.36 (t, J = 7.2 Hz, 2H), 2.17 (m, 2H), 1.80-1.90 (m, 1H), 1.35 (s, 9H), 0.93 (t, /= 6.8




Hz, 6H). ¥C NMR (101 MHz, CDCl,) 6 173.3, 172.7, 172.0, 171.8, 170.7, 169.9, 156.0, 135.8,
135.7,130.3,128.7,128.7,128.45128.4,122.0,119.8,118.2,111.3, 107.4, 80.4, 66.7, 57.9, 54.5,
54.0,52.3,50.9,41.4,33.4,31.0,30.4,28.3,27.5, 26.8,19.2, 19.1, 18.1. HRMS (ESI): m/z calc.
for C;oHs;NsNaOy; [M+Na]* 788.3477, found 788.3480.

Methyl  (6S,95)-9-((2-(2-(4-allyl-2-methoxyphenoxy)-2-oxoethyl)- 1 H-indol-3-yl)methyl)-6-(3-
(benzyloxy)-3-oxopropyl)-2,2-dimethyl-4,7, 10-trioxo-3-oxa-5,8, 1 I -triazatridecan- 1 3-oate

Compound 4v was prepared according to general
procedure D, Boc-Glu(OBn)-Trp-Gly-OMe (158 mg, 0.20
mmol) and 4-allyl-2-methoxyphenyl 2-bromoacetate (29
mg, 0.10 mmol). Flash column chromatography
purification (CH,Cl,/ EtOAc 7:3) afforded compound 4v
(42 mg, 52%) as a pale brown amorphous solid . "TH NMR
(400 MHz, CDCls) 6 8.80 (s, 1H), 7.53 (d, J=7.6 Hz, 1H),
7.32 —7.17 (m, 7H), 7.06 (dt, J = 18.3, 7.1 Hz, 2H), 6.96
(dd,/=11.2,7.9 Hz, 2H), 6.70 (d, /= 9.7 Hz, 2H), 6.51 (s,

1H), 5.93-5.81 (m, 1H), 5.24 — 5.19 (m, 1H), 5.01 — 5.05 (m, 3H), 5.00 (s, 1H), 4.71 (q, J = 6.7
Hz, 1H), 4.12 - 3.95 (m, 3H), 3.80 (dt, J = 16.6, 5.6 Hz, 1H), 3.72 (s, 3H), 3.63 (dd, /= 18.0, 5.4
Hz, 1H), 3.51 (s, 3H), 3.29 (m, 3H), 3.11 (dd, J = 14.6, 8.0 Hz, 1H), 2.29 (t, J= 7.1 Hz, 2H), 1.99
—1.93 (m, 1H), 1.78 (m, 1H), 1.24 (s, 9H).3C NMR (101 MHz, CDCl;) § 173.2, 171.4, 169.6,
169.3, 155.9, 150.6, 139.6, 137.8, 137.0, 135.9, 135.8, 128.7, 128.6, 128.4, 128.4, 128.2, 122.6,
122.4, 121.0, 120.1, 118.6, 116.4, 112.9, 111.07, 108.3, 80.4, 66.7, 56.0, 54.7, 53.7, 52.2, 41.4,
40.2,31.9,30.5, 28.3, 27.4, 26.9. HRMS (ESI): m/z calc. for C4;HsN,NaO,, [M+Na]* 821.3368

found 821.3380.

Methyl (6S,9S)-6-(3-(benzyloxy)-3-oxopropyl)-9-((2-(2-((3, 7-dimethyloct-6-en- 1-yl)oxy)-2-
oxoethyl)-1H-indol-3-yl)methyl)-2,2-dimethyl-4,7, 1 0-trioxo-3-oxa-5,8, 1 I-triazatridecan-1 3-oate



| Compound 4x was prepared according to general
CO,Bn Oj/o procedure D, Boc-Glu(OBn)-Trp-Gly-OMe (158 mg,
0.20 mmol) and 3,7-dimethyloct-6-en-1-yl
carbonobromidate (26 mg, 0.10 mmol). Flash column
chromatography purification (CH,Cly/ EtOAc 8:2)
afforded compound 4x (48 mg, 55%) as a pale brown
amorphous solid. 'TH NMR (400 MHz, CDCls) & 8.49
(s, 1H), 7.49 (d, J= 7.6 Hz, 1H), 7.24 —7.31 (m, 5H),
7.20 (d, J= 6.5 Hz, 1H), 7.12 — 6.97 (m, 4H), 6.64 (t, J = 6.3 Hz, 1H), 5.25 (d, J = 6.8 Hz, 1H),
5.04 (s, 2H), 5.01 (d, J = 8.8 Hz, 1H), 4.70 (q, J = 6.5 Hz, 1H), 4.07-4.17 (m, 2H), 3.99 (q, J =
6.8 Hz, 1H), 3.80 — 3.87 (m, 1H), 3.83 — 3.68 (m, 2H), 3.62 (dd, J = 18.0, 5.3 Hz, 1H), 3.55 (s,
3H), 3.27 - 3.06 (m, 2H), 2.26 (t, /= 7.1 Hz, 2H), 1.92 (m, 4H), 1.78 (m, 2H), 1.61 (s, 3H), 1.53
(s, 3H), 1.50 — 1.34 (m, 2H), 1.25 (s, 9H), 1.19 — 1.06 (m, 2H), 0.85 (d, /= 6.5 Hz, 3H). 13C NMR
(101 MHgz, CDCl3) 6 173.3, 171.6, 171.5, 169.7, 155.9, 135.8, 135.7, 131.6, 129.0, 128.7, 128.5,
128.4, 128.0, 124.6, 122.4, 120.1, 118.5, 111.1, 108.2, 80.4, 66.7, 64.5, 54.7, 53.5, 52.3, 41.3,
37.1,35.5,31.8, 304, 29.6, 28.3, 27.4, 26.6, 25.9, 25.5, 19.5, 17.8. HRMS (ESI): m/z calc. for
Cy3HsoN4O o [M+H]* 791.4226 found 791.4230.

Methyl (6S,95)-6-(3-(benzyloxy)-3-oxopropyl)-9-((2-(2-((3,5-dimethyladamantan-1-yl)amino)-2-
oxoethyl)-1H-indol-3-yl)methyl)-2,2-dimethyl-4, 7, 1 0-trioxo-3-oxa-3,8, 1 I -triazatridecan-13-oate

| Compound 4y was prepared according to general procedure

CO,Bn oj/o D, Boc-Glu(OBn)-Trp-Gly-OMe (158 mg, 0.20 mmol)

fo) y HN and  2-bromo-N-(3,5-dimethyladamantan-1-yl)acetamide
>‘\O)J\ _ (30 mg, 0.10 mmol). Flash column chromatography
purification (CH,Cl,/ EtOAc 8:2) afforded compound 4y
(53 mg, 65%) as an pale brown amorphous solid. "H NMR
(400 MHz, CDCl3) 6 9.21 (s, 1H), 7.54 — 7.47 (m, 1H), 7.41
(d, J=17.7 Hz, 1H), 7.30 — 7.22 (m, 4H), 7.20 (dd, J = 3.8,
3.0 Hz, 1H), 7.02 (t, J = 7.5 Hz, 2H), 6.98 (d, /= 7.6 Hz,
1H), 6.75 (s, 1H), 6.52 (s, 1H), 5.39 (d, J = 7.1 Hz, 1H),
5.02 (s, 2H), 4.66 (q, J = 7.0 Hz, 1H), 4.04 (q, J = 7.0 Hz, 1H), 3.81 (dd, J=17.9, 5.7 Hz, 1H),
3.64 (dd, J=18.0, 5.7 Hz, 1H), 3.56 — 3.52 (m, 5H), 3.21 — 3.06 (m, 2H), 2.31 (t, /= 7.4 Hz, 2H),
2.05 (m, 1H), 1.97 (m, 1H), 1.79 — 1.69 (m, 3H), 1.63 — 1.49 (m, 4H), 1.25 (s, 9H), 1.23 — 1.15
(m, 4H), 1.12 — 0.99 (m, 2H), 0.77 (s, 3H), 0.75 (s, 3H). 3C NMR (101 MHz, CDCls) 6 173.1,
172.1, 171.8, 169.6, 169.5, 155.9, 135.6, 131.2, 128.6, 128.3, 128.3, 128.0, 121.8, 121.1, 119.5,
118.0, 111.2, 106.7, 80.3, 66.6, 54.5, 54.0, 53.5, 52.2, 50.6, 50.5, 47.6, 47.4, 47.3, 42.6, 41.3,




40.1, 39.8, 34.5, 32.3, 30.4, 30.1, 28.2, 27.3, 26.5, 24.7. HRMS (ESI): m/z calc. for C4sHgNsOo
[M+H]* 814.4386, found 814.4389.

Methyl (6S,95)-6-(3-(benzyloxy)-3-oxopropyl)-9-((2-(2-(((S)-2-(2-methoxy-2-oxoethyl)-4-
methylpentyl)amino)-2-oxoethyl)-1H-indol-3-yl)methyl)-2,2-dimethyl-4, 7, 1 0-trioxo-3-oxa-35, 8,

11-triazatridecan-13-oate

| Compound 4z was prepared according to general procedure

CO,Bn Oj/o procedure D, Boc-Glu(OBn)-Trp-Gly-OMe (158 mg, 0.20

>I\ o H HN mmol) and methyl (S)-3-((2-bromoacetamido)methyl)-5-
o methylhexanoate (29 mg, 0.10 mmol). Preparative HPLC
isolation (H,O:MeCN 30:70) afforded compound 4z (41
mg, 51%) as a pale brown amorphous solid. . 'H NMR (400

S MHz, CDCl;) § 9.13 (s, 1H), 7.47 (d, J= 7.6 Hz, 1H), 7.43
CO,Me (d, J=7.8 Hz, 1H), 7.37 — 7.31 (m, SH), 7.26 (d, J= 6.7

HZ, 1H), 7.09 (t, J= 7.3 Hz, 1H), 7.04 (t, J= 7.1 Hz, 2H), 5.37 (d, J = 7.3 Hz, 1H), 5.10 (s, 2H),
4.73 (q,J= 7.0 Hz, 1H), 4.11 (q, J = 7.0 Hz, 1H), 3.92 (dd, J = 17.9, 5.7 Hz, 1H), 3.72 (m, 2H),
3.66 (s, 1H), 3.61 (s, 3H), 3.55 (s, 3H), 3.47 (s, 1H), 3.34 — 3.07 (m, 4H), 2.35 (m, 2H), 2.28 (dd,
J=10.5, 6.4 Hz, 2H), 1.95-2.06 (m, 1H), 2.06 — 1.95 (m, 1H), 1.88 — 1.76 (m, 1H), 1.66 — 1.54
(m, 1H), 1.35 (s, 9H), 1.13 (m, 2H), 0.85(d, J = 6.5 Hz, 3H), 0.83 (d, J = 6.6 Hz, 3H); ¥C NMR
(101 MHz, CDCl3) § 174.1, 173.2, 171.9, 171.8, 170.7, 169.7, 155.9, 135.8, 135.8, 130.6, 128.7,
128.5, 128.4, 128.2, 122.0, 119.7, 118.2, 111.2, 107.5, 80.4, 77.4, 66.7, 54.5, 52.3, 51.8, 43.8,
42.0,41.4,37.7, 33.9, 33.4, 30.5, 28.3, 27.4, 27.3, 25.3, 22.8, 22.7; HRMS (ESI): m/z calc. for
Cu>HssNsO;, [M+H]* 808.4127 found 808.4133.

8. Spectra data

8.1. Starting materials
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8.2.Products from catalytic tryptophan C-2 functionalization
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Figure S46. '"H NMR (400 MHz, CDCl;) of 3d
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Figure S50. 3C NMR (101 MHz, CDCl;) of 3e
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Figure S51. High Resolution Mass Spectra (HRMS) of 3e
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Figure S56. 3C NMR (101 MHz, CDCls) of 3f
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Figure S61. "H NMR (400 MHz, CDCl;) of 3i
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Figure S62. 3C NMR (101 MHz, CDCls) of 3i
AL-lle-OMe_2 357 (2.668) 1: TOF MS ES+
o 4042186 _ 42125
420842
o /
o
NHBoc
H NH =
o \
(o]
0_
125.0867 g
---185 i -
405.2216
28862
| 1 i%-gggfﬁ \ 527.2556
11.0103 Y 1BBOSTZ  o43.5m12 | 8871010 o S042700| 20424 | \
14337 [ ‘ 15160 12000 344.1087 14751 “ﬁ-f?é” 22108 [ 1542 295219652620, 3585 54 2084
2002 317 deme
o T ||\l 'ul y |Ll Iu hr T 'I'n"'rnl' ! ey T T T 'ul I'u l: T 1 } prrbry T 840: :13LEHI ™ miz
75 100 125 150 175 200 225 250 Z5 300 325 350 TS 400 425 450 475 500 525 G560 575 6BO0 825 650 E7R T0O T35

Figure S63. High Resolution Mass Spectra (HRMS) of 3i



/80
68°0
06°0
06°0
160
€60
S6°0
LET-F
1/
%t

S.NW
ST'C
TCe
mm.m/
JARS
TLe
PLEE
08'c”

6v't
8% V

%7
0L
S0°L
L0°L
60°L
A4
€T°L

9C’L
NNNW
6C°L
WL
'L
SS°L
LS°L
S0'6 —

—0

NHBoc

NH

ZL

~16'T
96T
$€0'S

L0

0.0

0.5

20 15 1.0

2.5

40 3.5 3.0

4.5

6.0 55 5.0

6.5
ppm

75 7.0

8.0

11.5 10.5 95 9.0 85

12.5

13.5

Figure S64. 'H NMR (400 MHz, CDCL) of 3j

08T~
061~

'8¢
8¢ V.

80¢
9'ee /

(x4

¥'es

55
w.hm\

A

m

08—

A
Gt L

S /0T —

W

pAm

O TIT—
Z'8TT

b6IT —
Nratd

"QZT ~

D

L'621

byl

L'SET —

|

T
140

T
150

€°68T —

T0LT~\

mil

|

160

T
170

ETLT

9eLT

'
W

0

NHBoc

4

1

|

"

v,

T
19

L "
e

yhink

T
20Q

T
210

T
220

Figure S65. 3C NMR (101 MHz, CDCl;) of 3j



AL-Val-OMs_2 320 [2.461)

1: TOF MS ES+

300.2022 347e5
B 347002 |
o [/
o)
NHBoc
H NH
(o]
]
o)
o_
125.0863
110573
RTr 512.2357
167.0123 | 13.23
31122 196.0558 e s ea
111.0102 17376 2365728 | 373.1736 4341048 400.2537[ 21417 ! !
11080 10601 279.0876 3303 12010 14300 yan 742003 ga3 4408
[ o715 2 528.2130 3507 ot
o T |I\|l '|L ||h T |“|' "uL' |‘/ 1 T+ T lu'ul |l T -:l‘urg?o( T f T mz
75 100 125 150 176 200 236 280 Z7c 300 325 350 375 400 425 450 475 500 525 550 &/ E00  E26 6RO
Figure S66. High Resolution Mass Spectra (HRMS) of 3j
O M =™~ o= N 0N = g gy o NNKPOA DN
o RIS IR Al e e NG OOINE - S ReR!
0 NN SN NN NN NN N L THHAFT OO NHMMH®O e —
N B S A || l—— N
o [«
Nl
NHBoc
N
PIRNE
N 1 NH
H O —
(o)
O__
|
‘\
| h | \ “
_/\ el k'\--.. D "'«-..../"/ \‘W\-‘M.___. ,..",L -
7 ds j“ Bk N
N S = o N ogg =9
o — =N | wn ™M m
1‘2.0 1‘1.5 1‘1.0 6.5 160 9‘.5 9‘.0 é 8‘.0 7‘.5 ‘ 5‘.5 o ‘.5 5.0 H 410 3‘.5 Z‘.U 2‘.5 1‘.5 1‘.0 d.S d.O
Ap!

Figure S67. '"H NMR (400 MHz, CDCl;) of 3k




n o [a2] AN TOoOnT —HOo
[ =] 7S] R RN R ] N o ¥ aNO Y
NN mn MANANNA O o nao oo Mmoo MmN
— - — R e e B B B B [*5] nwnwn M AN AN
N PSS SV PAVEREN
(0]
NHBoc
N NH
H o
0_
I
|
| | I
. I J L I i L
-, » W "
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
ppm
Figure S68. 13C NMR (101 MHz, CDCls) of 3k
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Figure S72. High Resolution Mass Spectra (HRMS) of 31
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Figure S73. 'H NMR (400 MHz, CDCl;) of 3m
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Figure S74. 3C NMR (101 MHz, CDCl;) of 3m
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Figure S79. '"H NMR (400 MHz, Acetone) of 30
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Figure S80. 3C NMR (101 MHz, Acetone) of 30
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Figure S81. High Resolution Mass Spectra (HRMS) of 30
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Figure S84. High Resolution Mass Spectra (HRMS) of 4b
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Figure S85. 'H NMR (400 MHz, CDCls) of 4¢
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Figure S86.13C NMR (101 MHz, CDCl;) of 4¢
RAB-TE_2 534 (3.984) 1: TOF M5 ES+
£28.3055 23508
Ly 2350766 |
650.3776
2002157
>L J N
/
(o} H <~ 0
Me o =
ES \
)
5283435
880741
851.3810
Me 750067
Me
5723334
595557
6744561
573.3365 274051
185117 7204704
= 130.0870 T L £ D494 H 14BB2T
D R
i : 22624 11030 32385 731.4824;14342
o A e [ . | L | .
T T t T T T t T T T T T T Y T T T u T T T 1 T T miz
100 150 200 250 300 350 400 450 s00 550 600 &80 700 750 800

Figure S87. High Resolution Mass Spectra (HRMS) of 4¢




590,
Nm.og
89'0
200
€20
SL°0A
90
20
640
180
€870
060
€604
960 4
660 4
b7
ST'T
AR
81T
92T
621 ]
0€'T
23
ST
(£T
65T
09°'1
€97
€T
€6'C
v6'C
%7
86
€0'e
s0°€
(483
e
59°€
19
69
oLy
v
€&’
S
0y
16'9
669
90/
80°/
or'L
(492
b
o1/
81,
61,
we
vl
e dl

T

99'8

(0]
o
Me

M
Me

06T
280'8
0T
06'8
21T
11T
WIT
et

BT'T
T
8T

£96'C

00T

FE6'0
0T
TT

5580

640
0'T
16°€

TT
JWO.N
0T

=160

115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
ppm

12.0

Figure S88. 'H NMR (400 MHz, CDCl;) of 4d
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Figure S91."H NMR (400 MHz, CDCl;) of 4e
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Figure S92.13C NMR (101 MHz, CDCl;) of 4e
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Figure S97. "H NMR (400 MHz, CDCl;) of 4g
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Figure S98. 3C NMR (101 MHz, CDCl;) of 4g
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Figure S99. High Resolution Mass Spectra (HRMS) of 4g
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Figure S103. '"H NMR (400 MHz, CDCl;) of 4i
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Figure S110. 3C NMR (101 MHz, CDCL;) of 4k
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Figure S111. High Resolution Mass Spectra (HRMS) of 4k
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Figure S112. 'H NMR (400 MHz, CDCl;) of 41
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Figure S113. 3C NMR (101 MHz, CDCl;) of 41
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Figure S114. High Resolution Mass Spectra (HRMS) of 41
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Figure S115. '"H NMR (400 MHz, CDCl;) of 4m
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Figure S116. *C NMR (101 MHz, CDCL;) of 4m
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Figure S117. High Resolution Mass Spectra of 4m
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Figure S119. 3C NMR (101 MHz, CDCl;) of 4n
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Figure S120. High Resolution Mass Spectra (HRMS) of 4n
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Figure S121. '"H NMR (400 MHz, CDCl;) of 40
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Figure S122. 3C NMR (101 MHz, CDCl;) of 40
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Figure S123. High Resolution Mass Spectra (HRMS) of 40
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Figure S124. '"H NMR (400 MHz, CDCl;) of 4p
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Figure S125. *C NMR (101 MHz, CDCL;) of 4p
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Figure S126. High Resolution Mass Spectra (HRMS) of 4p
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Figure S127. '"H NMR (400 MHz, CDCl;) of 4q
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Figure S128. 13C NMR (101 MHz, CDCl;) of 4q
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